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Providing healthcare to the ever-rising elderly population has become a severe 
challenge and a top priority.  Emerging innovations in healthcare, such as remote 
health monitoring technologies, promise to provide a better quality of care and 
reduce the cost of healthcare. However, many elderly people reject healthcare 
innovations. This lack of adoption constitutes a big practical problem because it 
keeps the elderly from benefiting from technology advances. The phenomenon is 
even more pronounced among elderly women, who represent the majority of the 
elderly population. 
 
A plethora of studies in the field of technology adoption resulted in sound, but 
highly generalized theories that are too parsimonious to provide practical insight 
into the phenomenon of elderly healthcare technology adoption (EHTA). There is 
a call to arms for novel approaches that facilitate the creation of models that 
expand technology adoption theories to the specifics of EHTA. This dissertation is 
a response to this call to arms, and it contributes to modeling practice in the EHTA 
field. It uses fuzzy cognitive mapping to design a novel mixed-methods modeling 
approach. Since elderly women constitute the majority of the elderly population, 
this dissertation treats elderly women’s health technology adoption (EWHTA) as 
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1 Introduction  
This introductory chapter describes the practical problem of poor health technology 
adoption by the elderly and the role technology plays in improving the quality of 
care for the rising elderly population. The chapter furthermore reviews how during 
the past several decades there have been theories conceptualized to better 
understand and subsequently improve technology adoption. However, these 
theories are too general and fail to provide practical actionable insights. The 
problem is particularly pertinent in the complex settings of healthcare, in which 
gatekeepers and agency play an important role and make and female technology 
adoption differ. This has resulted in the call to create new modeling methods that 
can contextualize the extant technology adoption theories to the specific 
healthcare context under study. In response to this call to arms, this dissertation 
develops a mixed-methods research method to model health technology adoption 
among elderly. The chapter describes the dissertation’s scope, contribution, and 
limitation as well as highlights of the proposed method.  
1.1. Problem Background  
Health technology adoption in eldercare constitutes a big practical problem that 
needs to be solved (Crosby & Noar, 2010). The global elderly population is growing 
at a rapid rate (U. S. Census Bureau, 2012; World Health Organization, 2012), 
especially in developed countries (United Nations, 2013).  Solutions for ensuring 
their health and well-being are thus becoming an urgent need (United Nations, 
2013; “Women and Caregiving,” 2003). This need has led to a crisis that is not only 
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draining the elderly quality of life, but it also bankrupting the healthcare system 
(Callahan, 2008).   
Studies have shown that the elderly yearn for sustaining their independence (e.g., 
Aging, 2011; Technology and Aging, 2009; Cahillet al., 2009). Independence 
provides many benefits for the elderly, including a restored sense of pride, control 
and dignity (“Why Independence is an Important Part of Elderly Care | My Care My 
Home,” 2013; Zimmer & Chappell, 1994). In addition, independence of the elderly 
alleviates the financial burden on the children and the elderly themselves (Friedet 
al., 2001), as well as the entire healthcare system (“Measuring the Costs and 
Savings of Aging in Place,” 2013).  
Modern approaches to independence of the elderly tend to involve technology 
(Technology and Aging, 2009; BBC News, 2012). For example, Remote Health 
monitoring Technologies (RHMT), such as smart-home systems (“eNeighbor® 
Remote Monitoring System” 2009), wearables (“GoSafe Medical Alert System ®,” 
2015) and specialized smartphone software (“Smartphone Apps for Senior Help" 
2014), provide the infrastructure for independent living and reduce the burden of 
caregiving.  RHMT can provide solutions through three mechanisms (Litan, 2008):  
1) Better management of chronic conditions, resulting in lower needs for care;  
2) Improved assessment of care needs in emergency (e.g. falls) and in 
everyday situations (e.g., subtle cognitive decline), leading to more targeted 
provision of care; and  
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3) Reduced impact on caregiver schedules by enabling remote check-ins, 
visits, data exchange with healthcare providers, and reducing the 
occurrence of crises. 
For these reasons, development and deployment of RHMT have been prioritized 
by numerous national and international initiatives.1 However, as is the case with 
other technologies (Morris & Venkatesh, 2000; M. Morriset al., 2005), the elderly 
are slow to adopt RHMT (“Advanced Remote Patient Monitoring Systems : Market 
Research Report,” 2013; Bowers, 2013; Cimpermanet al., 2013; Fife & Pereira, 
2011; Stojmenova et al., 2012). The prohibitive forces among elderly are strong, 
and often successful adoption is contingent upon strong agency (Finkelstein et al., 
2006). The resulting low adoption rate limits the positive impact of RHMT.  
The reasons for slow technology adoption among the elderly are multifaceted and 
not fully understood. Elderly Health Technology Adoption (EHTA) is adversely 
affected not only by the natural consequences of aging, but also by the complexity 
of the healthcare context (Morgan, 1998) and the adoption process itself (Crosby 
& Noar, 2010).  All three of these factors have to be addressed for the elderly to 
adopt the healthcare technologies that they need to lead a dignified life in their 
declining years.   
                                                 
1 Examples of national activities are the initiatives by the Department of Health and Human 
Services, e.g. (“HealthCare Manager: Remote Medication and Health Plan Support System,” 




Each of these factors has been researched extensively within their own fields. For 
example, an immense amount of knowledge about “the effects of aging on human 
behavior” in general (Minton & Schneider, 1985; Sterns & Doverspike, 1989a) and 
technology use among elderly in particular (Morris & Venkatesh, 2000; M. Morris 
et al., 2005; Pan & Jordan-Marsh, 2010) has been gained. In addition, over four 
decades of research in technology adoption has resulted in an abundance of 
sound theories on technology adoption in organizational settings (Crosby & Noar, 
2010; Lee et al., 2003; Williams et al., 2011). It also documents the complexity of 
the healthcare environment and its negative impact on technology adoption (Head 
& Noar, 2014). Furthermore, Human Factors Engineering (aka Human-Computer 
Interaction) has enabled innovation in health products that aim to be elderly-
friendly and hence adoptable (Arning & Ziefle, 2007; Minton & Schneider, 1985; 
Ong & Lai, 2006). 
Unfortunately, these individual fields of study have not been able to provide models 
that can explain why the elderly do not adopt technology that they need.  The field 
of gerontology2 has yet to clearly identify what really influences the process of 
decision-making in technology adoption by the elderly (Chen & Chan, 2013). 
Theories on technology adoption have not been able to provide actionable insights 
in the context of the elderly (Wild et al., 2012). Human factors engineering has 
                                                 
2 Gerontology is the study of physical, mental and social effects of aging has discovered a great 
deal of information about elderly; and is one of the key fields of studies in understating EHTA. 
The Institute of Gerontology defines the term as: “Gerontology is the study of aging and older 
adults.” The science of gerontology has evolved as longevity has improved. Researchers in this 
field are diverse and are trained in areas such as physiology, social science, psychology, public 
health, and policy.” 
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primarily focused on technology design—factors that reach beyond early user 
experience and initial adoption are rarely considered (Bannon, 1991). This 
disparity explains why these extensive bodies of knowledge have not been able to 
provide many actionable insights in the context of health technology adoption 
among the elderly. Evidently, a solution that meets the needs of the elderly 
requires an interdisciplinary approach that integrates the body of knowledge in 
these disparate fields. 
Researchers have argued that extant theories on technology adoption such as the 
Reasoned Action Approach (RAA) family of theories (Fishbein & Ajzen, 1975, 
2011) and the Technology Adoption Model (TAM) (F. D. Davis, 1985) provide a 
sufficient foundation for studying the phenomenon of technology adoption in the 
healthcare environment (Rahimi et al., 2016). What is lacking, are applications of 
existing theories of technology adoption that address the challenges of the elderly 
in their specific context. As a consequence, the practical problem of health care 
technology adoption among the elderly remains unresolved (Bagozzi, 2007; 
Dwivedi et al., 2011; Heart & Kalderon, 2013; Williams et al., 2011).   
The RAA family of theories and the TAM are predecessors of the Unified Theory 
of Acceptance and Use of Technology (UTAUT) (Venkatesh, Morris, Davis & 
Davis, 2003), which represents the consensus of leading scholars in the field of 
technology adoption. The UTAUT was created to be more comprehensive and 
inclusive, and empirical research confirmed that this is so (Balogh et al., 2013; 
McClellan, 2011; Robson & Sutherland, 2012). Figure 1 -1 shows that the UTAUT 
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posits that the three primal factors—performance expectancy, effort expectancy, 
and social influence—shape the behavioral intention. Behavioral intention and 
facilitating conditions directly influence the use behavior. There are also four 
factors--gender, age, experience and voluntariness of use--that moderate the 
relationships between the input and output constructs.  
  
Figure 1 - 1 Unified Theory of Acceptance and Use of Technology (UTAUT) 
 
The UTAUT, despite its growing popularity, has not performed much better in the 
domain of empirical research (Bagozzi, 2007; Williams et al., 2011) including 
healthcare (Dwivedi et al., 2011; Head & Noar, 2014). Early tests overestimated 
UTAUT’s predictability by suggesting that the UTAUT can explain an impressive 
70% of the variance in behavior intention and about 50% in use behavior (Holden 
























(Sheeran et al., 1999; Webb & Sheeran, 2006), the application of UTAUT in 
healthcare failed to capture the holistic view that is needed in practice (Bagozzi, 
2007; Dwivedi et al., 2011; Rahimi & Jetter, 2015; Williams et al., 2011).  
A large body of applied research tried to remedy these shortcomings by combining 
theories (Karimi-Shahanjarini et al., 2013; Samoutis et al., 2008) or by adding 
factors to these theories (AbuShanab et al., 2010; Aggelidis & Chatzoglou, 2009; 
Bagozzi, 2007; Luo et al., 2010; Robson & Sutherland, 2012; Williams et al., 2011). 
However, the models that were derived from these supplemented theories 
delivered inconclusive results (Mohammadi & Kaldi, 2008).  
The lack of insight provided by these models is rooted in the well-known dilemma 
between generalizability and utility (Head & Noar, 2014). Bagozzi (2007) argues 
that the main strength of TAM family of theories (including UTAUT) is their 
parsimony. However, due to their parsimony, these theories fail to provide any 
insight as to what factors form perceptions of usefulness and ease of use, and 
what these high-level factors mean in practice (Bagozzi, 2007). Without these 
insights, the research cannot provide much practical value. Evidently, applying the 
broadly generalizable UTAUT and all its predecessors to highly specific contexts 
of technology adoption including health care for the elderly (Renaud & Van Biljon, 
2008) turns out to be difficult (Bagozzi, 2007; Dwivedi et al., 2011; Rahimi & Jetter, 
2015; Williams et al., 2011). 
Head and Noar posit: “When there is tension between generalisability and utility, 
utility should be given preference given the applied nature of the health behaviour 
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field.” (Head & Noar, 2014, p. 16). Therefore, broadly generalizable theories need 
to be contextualized to the health behavior field, in order to be useful (Chalmers, 
1982; Head & Noar, 2014). In fact, there is a call to arms to apply sound theories 
of technology adoption to specific health contexts, in order to facilitate the adoption 
of health technologies in practice (Bagozzi, 2007; Crosby & Noar, 2010).  
Research also shows that constructs within the same theory can be highly context 
specific in the health behavior field (Head & Noar, 2014; Holden & Karsh, 2010). 
This mandates the development of empirically grounded models that customize 
the broadly based theories to specific health behavior situations. This approach 
would be especially compelling in EHTA, where the effects of aging, the multiplicity 
of stakeholders, and the complexity of health behavior generates a unique context 
(Christensen & Remler, 2009).  
An emerging stream of literature highlights the need to apply the latest technology 
adoption theories including the UTAUT to the specific health context studied 
(Godin & Kok, 1996; Head & Noar, 2014; Holden & Karsh, 2010). Specifically, 
researchers have expressed the need to enhance our understanding of the 
independent variables that affect adoption behavior (i.e., “there is opportunity to 
develop the ‘left side of the model’” (Holden & Karsh, 2010, p.11). A lot of efforts 
to do so have been made to date in the field of EHTA (Conci et al., 2009; Renaud 
& Van Biljon, 2008), yet not much improvement in modeling adoption behavior 
among the elderly has been achieved (Morrell et al., 2004; Smith, 2004). 
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Therefore, context-specific models that apply the UTAUT to the area of elderly 
health technology adoption must be developed.  
Agency is a key issue in technology adoption by the elderly (Kwon & 
Chidambaram, 2000; Mallenius, Rossi, & Tuunainen, 2007; Renaud & Van Biljon, 
2008; Silverstone & Haddon, 1996). For example, a great body of research shows 
that family members (Kwon & Chidambaram, 2000; Mallenius et al., 2007; Renaud 
& Van Biljon, 2008; Silverstone & Haddon, 1996) and friends (Mallenius, Rossi, & 
Tuunainen, 2007; Renaud & Van Biljon, 2008) of the elderly serve as gatekeepers 
(Allen, 1977; Katz & Tushman, 1981; Tushman & Katz, 1980) for technology 
adoption by the elderly (Kwon & Chidambaram, 2000; Mallenius et al., 2007; 
Renaud & Van Biljon, 2008; Silverstone & Haddon, 1996), and they influence the 
adoption decision critically (Guynn, 2002; Y. S. Lee, 2007; Mallenius et al., 2007; 
Morrell et al., 2004). They not only recommend the usage of the technology, but 
they also patiently teach the elderly how to use it (Rahimi et al., 2016). Often, they 
also purchase new technology for or gift their old technology to the elderly for which 
they care (Kwon & Chidambaram, 2000; Mallenius et al., 2007; Renaud & Van 
Biljon, 2008; Silverstone & Haddon, 1996). Research findings recommend the 
inclusion of these unofficial care providers as a unit of analysis (Compagna and 
Kohlbacher, 2014). 
Evidently, these gatekeepers influence all the input variables of the extant 
technology adoption theories. They are the most important part of the social 
influence construct within the UTAUT. They also affect the formation of all the other 
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input constructs (as depicted in Figure 1 -2 in section 1.3). Thus, the input variables 
of the UTAUT are not really independent, and the contextualized model needs to 
provide a ‘map’ of their interdependency and relationships. (Rahimi et al., 2016)  
Research has shown that technology adoption decision-making is different 
between men and women (Schaar & Ziefle, 2011; Venkatesh & Davis, 2000; 
Venkatesh, Morris, & Ackerman, 2000; Wilkowska, Gaul, & Ziefle, 2010). For 
example, while men are primarily driven by the usefulness of the technology, 
women value the ease of use more and are influenced by social norms (Venkatesh 
et al., 2000). Elderly women healthcare technology adoption (EWHTA) may thus 
be different from healthcare technology adoption by elderly men. To capture these 
intricate differences among men and women, their respective adoption practices 
need to be studied separately.  
Gatekeeper behavior could also be gender specific. Thus, to capture the influence 
of gatekeepers on the elderly, four permutations of gatekeepers and the elderly 
need to be studied: elderly man and male gatekeeper, elderly man and 
gatekeeper, elderly woman and male gatekeeper, and elderly woman and 
gatekeeper. Since the majority of the elderly and their gatekeepers tend to be 
women (United Nations, 2013; “Women and Caregiving,” 2003), researching the 
fourth of the above permutations should be given priority. This specificity not only 
allows for the emergence of unique perspectives of elderly women; it also enables 
the discovery of patterns of technology adoption among the elderly.  
11 
 
Many of the challenges with the current methods are highlighted in different 
streams of the academic literature. These challenges include: 
1. Grounding: Integrate first-hand user data (Phillips & Zhao, 1993). 
2. A need to approach the problem holistically: Cover a wide range of 
factors that emerge from the health context under study (Bagozzi, 2007; 
Head & Noar, 2014; Ogden, 2003; Rothman, 2004).  
3. Flexibility: Build flexible models that can be adjusted in response to new 
input (Jetter & Kok, 2014; Kosko, 1988). 
4. Latent Needs: Model latent needs (Phillips & Zhao, 1993). 
5. Need for visual formalisms: Provide cognitively simple visual 
representation of findings that people from different disciplines can 
comprehend (Creswell, 2013, ch.10). 
6. Scenario Planning: Model and simulate decision scenarios  (Simpson, 
1992) to identify and prioritize alternative decision points based on their 
potential to yield a higher adoption rate (Amer et al., 2013; Glenn & Gordon, 
2009; Schoemaker, 1991; Simpson, 1992).  
7. Novel Insight: Develop the capacity to provide novel insights in relation to 
the predictions of extant theory, and beyond (Glanz et al., 2008; Head & 
Noar, 2014; Ogden, 2003; Rothman, 2004). 
8. Efficiency:  The method needs to be practical in regards to consideration 




This dissertation aims to address these challenges by generating a modeling 
method that applies the most relevant theory for Health Technology Adoption 
(HTA) to visually unpack the high-level adoption constructs in complex contexts, 
where technology adoption is strongly influenced by agency. This decomposition 
is possible through qualitative data collection that provides flexibility and allows the 
participants to take the research through their journey of HTA. This approach leads 
to fresh insights by opening the black box of technology adoption, and revealing 
the intricacies of the paradigm in the context being studied.  
1.2. Purpose of Dissertation 
At its core, this dissertation aims to provide a research method that models 
technology adoption among demographic groups that rely heavily on gatekeeping 
for technology adoption in EHTA. This method yields a contextualized model of 
technology adoption, which serves as a decision tool and provides a better 
understanding of the drivers and obstacles in elderly health technology adoption. 
The model…. 
• Identifies the key adoption drivers and obstacles and their relations 
• Illustrates how the gatekeeper influences the elderly person’s adoption 
decision  




• Facilitates exploration of adoption in response to various factors through 
simulation 
The method developed in this dissertation can be applied to any elderly health 
technology adoption (EHTA) research. However, in this dissertation, the method 
proposed is applied to elderly women health technology adoption (EWHTA) since 
women comprise the majority of the elderly population. It is applied to the context 
of remote health monitoring technology (RHMT) as described in detail in section 
1.1. The resulting model represents visually and quantitatively how the 
gatekeepers influence the elderly women’s adoption decisions by capturing how 
these gatekeepers (which are at the center of elderly’s social influence) influence 
the formation of perceptions of the UTAUT’s main constructs—performance 
expectancy, effort expectancy, social influence, and facilitating condition. Thus the 
model should be able to answer the following questions:  
 How do gatekeepers influence the adoption behavior of elderly women in 
the adoption of an RHMT both from the point of view of intention and usage? 
 How does the relationship between elderly women and gatekeepers affect 
the elderly’s perception of performance expectancy, effort expectancy and 
facilitating condition in the context of the adoption of an RHMT?  
 How does the adoption of RHMT change in response to different 
combinations of influencing factors?  
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1.3. Scope of Dissertation 
In this dissertation, the UTAUT is applied to the field of EHTA due to its superior 
performance over other extant theories (Venkatesh et al., 2003). The work does 
not research how other theories explain the adoption phenomenon. Should a 
theory with better explicatory power be found, it could, in principle, be applied and 
contextualized using the proposed method.  
The proposed method is applicable to modeling the adoption of various 
technologies by a wide variety of elderly people. However, the method to be 
developed in this dissertation is based upon a study of the elderly, a demographic 
for which agency is a critical aspect of adoption. The model that results from the 
method to be developed may thus not apply to other demographics, for which 
gatekeeping is less important. Furthermore, this dissertation focuses on consumer 
health products that are subject to optional adoption or rejection. This would, for 
example, include a wearable fall detection device, but exclude a pacemaker. 
As described earlier, the method proposed in this dissertation is applied in the 
EWHTA context to model elderly women’s technology adoption decision making 
and how their gatekeepers influence the decision. In this complex context, there 
are many other important stakeholders, such as the elderly’s doctor(s) and other 
health professionals, which are outside the scope of this research. Future studies 
can further investigate such stakeholder groups in the elderly’s social circle, which 
influence their adoption of technology.  
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The proposed method is not necessarily applicable to organizational settings in 
which gatekeepers from one firm interact with their peers in other firms to bring a 
technology into their firm (Allen, 1977). In the context studied by the proposed 
research, the gatekeeping relationship is based on a strong bond that has 
developed over years. This is not generally the case in most organizational 
settings.  
 
Figure 1 - 2 UTAUT in EWHTA context (Rahimi et al., 2016) 
Figure 1 - 2 further delineates the scope of the proposed research. As explained 
earlier, previous research (Rahimi et al., 2016) has concluded that UTAUT 
provides the best theoretical foundation for EWHTA research. Since age and 
gender have already been set in this context, these moderating factors of the 


























context of EWHTA, social influence affects other input constructs (doted red lines 
in Figure 1 - 2). Therefore, the variant of the UTAUT that is displayed in Figure 1 - 
2 provides the theoretical foundation for future EWHTA research, including the 
research proposed for this dissertation.  
This dissertation provides a research method that guides the creation of a model, 
in which the left side of this variant is developed. The original UTAUT input 
constructs (performance expectancy, effort expectancy, social influence, 
facilitating condition) will be unpacked, and additional variables (displayed in 
brown) will be discovered in the EWHTA context. Therefore, the original UTAUT 
input constructs will become intermediary constructs. 
1.4. Contributions 
Methods Contribution. The methods contribution of this dissertation is the 
proposed modeling method. This method can be used by academics, as well as 
by technology marketing and management groups in the industry, that need to 
research the elderly consumer market.  
Contributions to management practice. The insights gained from the model 
described in section 1.2 will help marketers visualize the dynamics of the customer 
market where elderly women adopt RHMT technology. This potentially obviates 
the need to conduct market studies of this market segment. Managers can use this 
model as a tool that interprets cognition by the elderly and sheds lights into 
possible scenarios that lead to better adoption. For example, rollout managers 
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can plan scenarios, where each scenario constitutes an alternative combination of 
components and/or  strategies of a health technology rollout plan. FCM simulation 
shows the alternative plan that leads to a better adoption rate of the health product.  
1.5. Limitations of Dissertation 
Research Method Limitation. The research method has been and will continue 
to focus on modeling elderly health technology adoption (EHTA). In principle, the 
research method can be used for any group of elderly (including men). However 
this assertion has not been researched and remains as a limitation of this 
dissertation. The limitation can be corrected by repeating the research in a 
population of male elderly.  
Model Limitation.  The proposed research has been pilot tested and will be 
applied to cohorts of ORCATECH Life Lab program (Life Lab is explained in 
section 3.3. Research Setting). The Life Lab population consists of volunteers that 
use different RHMT technologies. Hence, it is potentially more technology savvy 
than the elderly population in general. The models derived in this dissertation could 
thus provide a more optimistic model of technology adoption; and therefore be 
biased and specific to this subgroup of elderly women. This level of specificity is 
an inherent characteristic of model building. However, the fact that the model can’t 
be generalized to all elderly women could be considered a limitation. The research 
method would have to be applied to the specific group of elderly that is under study 
to find a model that best reflects their mental model.  
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Application Limitation. The proposed research method yields an simulation 
model that visually and quantitatively represents the elderly women decision-
making during the adoption (or rejection) of a health technology. Hence, health 
technologies whose adoption are not optional and don’t involve decision-making 
are out of scope. Additionally, this dissertation focuses on wearable technologies 
of RHMT in the context of EWHTA research. In principle, the research method can 
be applied to research any health technology whose adoption is optional. However, 
this assertion needs further testing.  
Tool Limitation. The research method is based on Fuzzy Cognitive Mapping. 
Thus all the limitations of fuzzy cognitive mapping inherently apply to this research 
method.   
1.6. Highlights of the Proposed Method 
The research method proposed for this dissertation follows the guidelines for fuzzy 
cognitive mapping laid out by Jetter (2006).  It takes advantage of FCM’s ability to 
integrate the perspective of multiple stakeholders (here both the elderly and the 
gatekeepers) in quantitative models.  
As mentioned in the Section 1.1, the concepts that are associated with adoption 
theories are too general to provide actionable insights in specific contexts including 
EHTA. Making sense of how these concepts apply to the phenomena under study 
warrants highly granular, empirically grounded approaches that study specific 
contexts in depth.  
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The research method proposed for this dissertation follows such a guideline. It 
handpicks effective techniques in computer-based modeling and qualitative 
research approaches to facilitate modeling of technology adoption for a 
demographic in which agency is important. It applies mixed-method design to 
collect in-depth field data by Fuzzy Cognitive Mapping (FCM) (Kosko, 1986) to 
model EHTA. The designed mixed-method defines the steps to conduct the 
research in two sequential phases of qualitative followed by quantitative research 
to comprehensively capture elderly’s mental model during the adoption decision 
making. As this group of users of technology products is subjected to significant 
influence by their technology gatekeepers, their gatekeepers are also studied.  
As FCM serves as the central platform throughout the entire process of the 
research, it guides the phases of the research as depicted in Figure 3 -2 in Chapter 
3. The first two stages of the FCM modeling decides on 1) analysis of objective 
and information needed, and 2) analysis of means to fulfil information needs as 
detailed in section 3.4.1 and 3.4.2. From there, the following phases summarize 
the steps that will be taken to capture knowledge (section 3.4.3), conceptualize 
(section 3.4.4) and then validate (section 3.4.5) the FCM as the simulation model.  
The research will proceed in two phases, which are detailed in chapter 3. The first 
phase is qualitative, the second quantitative. Each phase includes data collection 
and analysis activities, which are executed sequentially.  
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Phase 1: Qualitative 
 Qualitative Data Collection: After identifying the participants, conduct one-
on-one ethnographic data elicitation using open-ended questions and 
simultaneously build cognitive maps with a group of ~10-20 elderly women 
and their gatekeepers. 
 Qualitative Analysis continues the content-building part of EHTA 
modeling.  Each interview and cognitive map is content analyzed as part of 
the repertory-grid approach (George Kelly, 1955) (which is detailed in 
chapter 3). This qualitative analysis results in potentially new concepts and 
relationships, which are added to the cognitive maps. Additionally, the 
analysis standardizes the concepts across the maps, which results in an 
ontology list—a collection of all the concepts across the cognitive maps. 
This also allows the integration of all the cognitive maps into one composite 
map for the elderly and their gatekeepers.  
Phase 2: Quantitative 
 Quantitative Data Collection covers the structure-building part of EWHTA 
modeling. The researcher conducts a second set of interview with the same 
group of elderly women and their gatekeepers to create the structure of the 
model. The information from this second set of one-on-one interviews 
provide the degree of the influence between concepts. This phase results 
in the creation of the integrated FCM model.  
21 
 
 Quantitative Analysis includes the testing and validating the FCM model 
against the original group of participants in phase 1. It also include the 
evaluation of the FCM model by subject matter experts. This phase results 
in the creation of simulation model.   
At the end of quantitative phase, the simulation model is ready to be used. Different 
scenarios representing the decision alternatives (Simpson, 1992) are planned and 
tested through FCM simulation to identify and prioritize the criteria/alternatives that 
lead to a higher rate of adoption. For example, using the interpretive model, one 
can identify and prioritize the characteristics of the health product that lead to better 
adoption among the focused consumer demographic. 
Many of the challenges with the current methods are highlighted in different 
streams of the academic literature. These challenges include: 
1. Grounding: Integrate first-hand user data (Phillips & Zhao, 1993). 
2. A need to approach the problem holistically: Cover a wide range of 
factors that emerge from the health context under study (Bagozzi, 2007; 
Head & Noar, 2014; Ogden, 2003; Rothman, 2004).  
3. Flexibility: Build flexible models that can be adjusted in response to new 
input (Jetter & Kok, 2014; Kosko, 1988). 
4. Latent Needs: Model latent needs (Phillips & Zhao, 1993). 
5. Need for visual formalisms: Provide cognitively simple visual 
representation of findings that people from different disciplines can 
comprehend (Creswell, 2013, ch.10). 
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6. Scenario Planning: Model and simulate decision scenarios  (Simpson, 
1992) to identify and prioritize alternative decision points based on their 
potential to yield a higher adoption rate (Amer et al., 2013; Glenn & Gordon, 
2009; Schoemaker, 1991; Simpson, 1992).  
7. Novel Insight: Develop the capacity to provide novel insights in relation to 
the predictions of extant theory, and beyond (Glanz et al., 2008; Head & 
Noar, 2014; Ogden, 2003; Rothman, 2004). 
8. Efficiency:  The method needs to be practical in regards to consideration 
of monetary and temporal resources and constraints (Creswell, 2013, 
ch.10). 
This dissertation aims to address these challenges by generating a modeling 
method that applies the most relevant theory for Health Technology Adoption 
(HTA) to visually unpack the high-level adoption constructs in complex contexts, 
where technology adoption is strongly influenced by agency. This decomposition 
is possible through qualitative data collection that provides flexibility and allows the 
participants to take the research through their journey of HTA. This approach leads 
to fresh insights by opening the black box of technology adoption, and revealing 
the intricacies of the paradigm in the context being studied.  
To validate and demonstrate the capability of the method, this dissertation applies 
the method in the compelling context of EWHTA. The method deductively 
decomposes the abstract primal factors of the UTAUT theory for adoption of a pre-
adoption study of a remote health monitoring technology among elderly women. 
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The research also unfolds how the elderly women’s gatekeepers, who are at the 
core of her environmental factors, influence the formation of those main constructs. 
While the method is inherently qualitative, it takes advantage of FCM quantitative 




2 Literature Review 
2.1. Framework of Elderly Women Health Technology Adoption 
Health Technology Adoption among elderly in general (Compagna & Kohlbacher, 
2014; Walsh, 2014) and among elderly women in particular (Kurniawan, 2007; 
Schaar & Ziefle, 2011) is a complex phenomenon in which numerous groups of 
concepts interplay. The multidisciplinary nature of such context requires 
approaches that integrate perspectives from the many expertise involved 
(Eggermont et al., 2006; Ramón-Jerónimo et al., 2013). From personal and 
technical to social and organizational, it has been beyond the limit of a single 
school of thought to comprehend the full scope of factors involved. For many 
decades, various bodies of scholarly research in many fields, including 
gerontology, information systems, and human factor engineering (i.e. 
computer/human interaction), have broadly studied this process in part. However, 
until recently, little attention had been given to the differentiating roles of gender 
and demographics in health technology adoption.  
The complexity of EWHTA is manifold. On the one hand, health related behaviors 
are more than often charged by a range of emotional factors, from fear and threat 
to mood and worries (Compagna & Kohlbacher, 2014; Kurniawan, 2007; Walsh, 
2014), and driven by personal, moral and social norms such as sense of identity, 
responsibility and culture (Schaar & Ziefle, 2011). On the other hand, technological 
innovations require learning and changes to the status quo that mandate 
modification to the processes that people in general, and the elderly in particular, 
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are used to and hence comfortable with (Mallenius et al., 2007). This presents a 
key challenge to elderly women, who have strong desire for ease of use, simplicity 
and familiarity (Cerella et al., 1982; Kline, 1987; Kline & Schieber, 1982; Plude & 
Hoyer, 1985; Walsh, 2014), combined with lack of self-efficacy (Karavidas et al., 
2005; Wild et al., 2012). These key factors build a strong inertia against adopting 
such innovations. And finally, besides lack of desire, the effect of biological aging 
on cognitive decline (including loss of visual and auditory acuity) gradually 
weakens elderly’s ability to recognize and use typical modern innovations, which 
more than often rely on subtle cues to present information (Morris & Venkatesh, 
2000). These inconveniences result in a natural resistance to technology 
acceptance among this demographic.  
With the compelling need for adoption of health technologies among elderly, there 
have been mainly three streams of research that have progressively focused on 
aspects of technology adoption. As depicted in Figure 2 - 1, the three interrelated 
disciplines of Human Factor Engineering, Gerontology and Technology Adoption 
each have developed and/or  adopted many methodologies to systematically 
optimize their research processes. However, such efforts have been fragmented, 
and hence their findings are limited (Wagner, Hassanein, & Head, 2010).  While 
these competencies’ objectives seems to be different in many ways, in the narrow 
lens of research on EHTA, their overall goal and processes intersect (Rahimi et 
al., 2016). These literature streams are reviewed individually, in their EHTA 
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application, in the following sections with the goal of reviewing the state of the art 
and identifying useful research techniques and gaps that require addressing.  
 
Figure 2 - 1 Elderly Health Technology Adoption is at the intersection of Gerontology, Health 
Technology Adoption and Human Factors Engineering 
2.2. Literature Review in Gerontology 
Since the work of Avicenna, “The Cannon of Medicine”, in ancient Persia over 1500 
years ago, humans have long been studying the effect of aging (Howell, 1987). 
Gerontology (i.e. study of old man) studies the physical, mental and social effects 
of aging. Through a multidisciplinary body of research, gerontology has gained an 
in depth understanding of different aspects of aging that can affect human behavior 
(Hooyman & Kiyak, 2011). A comprehensive review of the gerontology literature 
that pertains to EHTA has been conducted in an earlier publication (Rahimi et al., 
2016). This section discusses key aspects of that research, which specifically 
pertain to the proposed dissertation research. Please read the paper for a more 
comprehensive literature review of gerontology in relation to EHTA.  
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Over the past few decades, waves of health innovations have offered the much-
needed benefits of quality, efficiency and cost savings to the health care field. 
However, a plethora of research papers attests to the low adoption rate of health 
technology among the elderly (Bowman et al., 2013; Eastman & Iyer, 2004; Maier 
et al., 2011; Mallenius et al., 2007; Ramón-Jerónimo et al., 2013; Renaud & Van 
Biljon, 2008; Saborowski & Kollak, 2014). The literature also suggests that 
technology adoption among the female elderly lags even further behind 
(Alburquerque-Sendin, et al., 2012; Bowman et al., 2013; Ehlers & Huberty, 2013; 
Lim et al., 2011; Loe, 2010). Recent research suggests that there is still a gender 
gap in technology adoption (Dutta & Omolayole, 2016; Kotze et al., 2016; Merkel 
et al., 2016). The effect of gender on the technology adoption rate is less 
experienced among the younger generations (Ling, 2002), and more pronounced 
among the elderly, where technology usage was found to be lower among older 
women (Ling, 2002). The research on gender difference in technology adoption 
supports the notion of a widening gap in the adoption rate between elderly women 
and elderly men (Merkel et al., 2016; Venkatesh and Morris (2000)).  It suggests 
that the female elderly have a strong desire for ease of use, simplicity and 
familiarity. The research also showed that elderly women’s strongest driver for 
technology adoption is ease of use, along with social norms.  
A major body of literature highlights the different attitudinal dimensions that hinder 
technology adoption.  Lack of self-efficacy with respect to technology adoption 
among elderly (Wild et al., 2012), which worsens with advancing age (Mallenius et 
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al., 2007), is more developed among women (Zhang et al., 2014) and is particularly 
strong in older women (Karavidas et al., 2005; Wilkowska et al., 2010). The weak 
self-efficacy among the elderly (Wild et al., 2012) and women (Schaar & Ziefle, 
2011) was also a major factor that caused a range of negative attitudes toward 
technology adoption (Wilkowska et al., 2010). The research cited above plus the 
study of Karavidas et al. (2005) found anxiety to be a hindering factor in technology 
adoption. Other obstacles that are pronounced in EHTA are the resistance to 
technology change (Wilkowska et al., 2010) and satisfaction with mediocre, but 
old, familiar technologies (Loe, 2010, 2014). Since all these phenomena are well 
documented in the gerontology literature, they need to be considered in any future 
study of EHTA. 
The gap between the body of research that has been performed independently in 
the field of technology adoption and in the field of gerontology leaves many 
questions about the process of adoption by the elderly unanswered. For instance, 
the elderly’s need for simplicity and familiarity with their environment is well 
recognized in gerontology (Cerella et al., 1982; Kline, 1987; Kline & Schieber, 
1982; Plude & Hoyer, 1985; Walsh, 2014) and is becoming an important usability 
factor in gerontechnology 3  product design (Compagna & Kohlbacher, 2014; 
                                                 
3 “Gerontechnology is an interdisciplinary field of scientific research in which technology is 
directed towards the aspirations and opportunities for the older persons. Gerontechnology aims at 
good health, full social participation and independent living up to a high age, be it research, 
development or design of products and services to increase the quality of life.” (“What is 
Gerontechnology?,” 2017)  Fozard defines gerontechnology as the development and distribution 
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Kurniawan, 2007). However, the study of technology adoption does not recognize 
these important effects of aging and their inhibitory influence on adoption behavior.  
The aging process creates perceptual, cognitive and attitudinal barriers, which 
reduce the elderly’s abilities, confidence and perception of fitness for learning new 
technologies (Plett & Lester, 1991). As is known in gerontology, perception is a 
complex psychological process, and aging erodes both the speed and amplitude 
of perception (Minton & Schneider, 1985). The elderly also tend to be slower 
learners (Sterns & Doverspike, 1989b). An examination of 6,610 workers on job-
related training, showed performance decline with age (Kubeck et al., 1996). The 
study found poorer training performance, less mastery of the learnt material and 
slower completion of final training task among older workers (Kubeck et al., 1996). 
These effects debilitate the elderly’s own initiation of learning new technology, 
making their training and support needs even more important (Pan & Jordan-
Marsh, 2010).  
Research also shows that the relative importance of adoption factors is different in 
elderly people than it is in younger ones. Younger persons tend to be driven by 
instrumentality, whereas the elderly are primarily affected by social influence and 
lack of self-efficacy (Morris & Venkatesh, 2000; Morris et al., 2005). At the center 
of elderly’s social influence with respect to technology adoption are the immense 
influence of the elderly’s children, other family members and friends (Guynn, 2002; 
                                                 
of technologically based products, environments, and services that are intended to improve 
functioning and quality of life for aging and aged people (Fozard, 2001). 
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Lee, 2007; Mallenius et al., 2007; Morrell et al., 2004). Research findings suggest 
that these technology gatekeepers frequently intervene in adoption, by promoting, 
providing, supporting and teaching the technology to the elderly (Kwon & 
Chidambaram, 2000; Mallenius et al., 2007; Renaud & Van Biljon, 2008; 
Silverstone & Haddon, 1996). The role of these gatekeepers appears to be crucial; 
they may even become the reason for technology usage. The gatekeepers 
influence the elderly, by suggesting, by encouraging and by building the intention 
to adopt (Morrell et al., 2004). Many cases of initiating the usage of technology by 
the elderly were based on the combination of the gatekeeper’s influence and the 
desire to stay connected with them (Carpenter & Buday, 2007; Guynn, 2002; Lee, 
2007; Malhotra & Galletta, 1999). From promoting the utilitarian values of using 
technology, influencing elderly’s choices, as well as, more than often, making the 
purchasing decision for the elderly and giving the technology to them, these 
caregivers are the primary agents that drives technology adoption (Carpenter and 
Buday, 2007; Conci et al., 2009; Renaud & Biljon, 2008; Mallenius et al. 2007). In 
addition, these gatekeepers are often the primary source of the much needed 
facilitating condition because they provide continuous and convenient, but 
persistent technical support and training (Sterns & Doverspike, 1989; Pan & 
Jordan-Marsh, 2010).  
In essence, to capture the environmental factors that affect elderly’s adoption 
process, it is important to study the effects of the principal influencers of technology 
adoption, i.e. the gatekeepers who are often the elderly’s children, family members 
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and sometimes close friends (Mallenius et al. 2007; Carpenter and Buday 2007;  
Davis, 1995). The gatekeepers are the elderly’s opinion leaders: they play the 
critical role in initiating and accelerating the adoption (Thomas, 1999), and they 
have the greatest impact on the elderly’s adoption decision (Mallenius et al., 2007). 
They not only plant the seed of intention in the older people’s minds; often they 
also start the adoption by gifting the technology (Renaud & Van Biljon, 2008). 
Unless these major influences, which more than often make or break the adoption 
process, are investigated, building a holistic EHTA model is not possible 
(Compagna and Kohlbacher, 2014).4    
A body of research suggests that, in addition to assistance with initiation, the 
gatekeepers perform an even more crucial role—maintaining the adoption by 
providing continuous training and support (Rahimi et al., 2016). This support 
strengthens elderly’s self-efficacy and their ability to use the technology. Studies 
                                                 
4 The children of the elderly are at the core of elderly care as they provide most of the elderly care 
(Metlife, 2011). However this caregiving comes at a big cost to them. This toll is manifold. 
Financially, they suffer due to decreased work hours and loss on many career-advancing 
opportunities, including passing up promotion, quitting jobs, retiring early or simply being away from 
work (National Alliance for Caregiving, 1999). And health-wise, they get physically and emotionally 
drained and experience higher level of health challenges as a result of caregiving (Dentinger & 
Clarkberg, 2002).  
Moreover, the ratio of children to elderly is decreasing dramatically due to reduced birth rates, which 
puts more pressure on these, often working, children (United Nations, 2013). This pressure not 
only stresses out the children, but also the observant elderly parent. 
To a lesser degree, the friends of elderly are also a major group of unofficial caregivers (Caregiving 
in the U.S. 2015, 2015; Penning & Wu, 2015).  
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show that lack of continuous support leads to technology abandonment (due to 
unaddressed usability challenges), as some elderly gave the idle technology to 
grandchildren (Silverstone & Haddon, 1996), and some others deserted them 
(Mallenius et al., 2007). The effect of the gatekeeper’s training is even more salient 
in the case of elderly women, as Lee’s research (2007) found that female users 
more than anything rely on the help of surrounding people to learn technology (as 
opposed to male users who often try it first).  
A great body of the gerontology literature shows that at the center of elderly’s social 
surroundings are family members and close friends who are the elderly’s opinion 
leaders (Lin et al., 2013; Luijkx et al., 2015; Peek et al., 2015; Peek et al., 2014). 
They play the critical role both in initiating and in accelerating adoption (Luijkx et 
al., 2015; Thomas, 1999). Children have the greatest impact on the elderly’s 
adoption (Mallenius et al., 2007). They are not only planting the seed of intention 
in the older people’s minds; they are also intervening in the adoption process by 
gifting the technology (Renaud & Van Biljon, 2008). Research also shows that 
close friends and family members (children and grandchildren in particular) 
strongly influence the elderly’s adoption decision. This manifests itself in several 
dimensions: the elderly easily adopt the enthusiasm of their grandchildren for 
technology (Luijkx et al., 2015); they connect and communicate better with 
grandchildren when they use the technology (Luijkx et al., 2015; Rahimi et al., 
2016); and they benefit from their grandchildren being a natural source of support 
(Barnard et al., 2013; Lin et al., 2013; Luijkx et al., 2015; Peek et al., 2014; 2015). 
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Studying these key influencers of the elderly’s technology adoption is a 
prerequisite for understanding the adoption. Yet, TA and gerontology research has 
hardly focused on these influences as a separate unit of analysis and beyond a 
general construct. The research of Chen and Chan (2011) highlights the need for 
EHTA research to include the abovementioned important biophysical and 
psychosocial factors to better understand technology adoption and intervene in the 
technology adoption process. Similarly, the systematic review of factors that 
influence EHTA concludes that more research is needed to capture the complexity 
involved in the acceptance of different types of technology for aging that is already 
in place (Peek et al., 2014).   
Gerontology studies have yielded general cognitive insights related to adoption, 
but they have provided limited actionable information that pertains to the factors 
that specifically impact decision-making during the adoption of emerging 
technologies (Chen & Chan, 2013). As a result, the field provides little guidance as 
to what technology designs are required to improve the expected ease of use and 
performance and as to which implementation strategies would lead to improved 
technology adoption. These practical needs are the driving force behind 
gerontechnology. While the gerontechnology literature primarily consists of 
research in new product development, it also includes a growing number of studies 
that present evidence of adverse manifold effects of aging on the use of technology 
(Hooyman & Kiyak, 2011).  
34 
 
Research in the field of gerontology has captured, in great depth, the social, 
cognitive, biological, and psychological impacts of aging. Elderly women, being the 
dominant elderly population, experience many challenges echoed by literature. 
These include attitudinal (Eastman & Iyer, 2004; Morris & Venkatesh, 2000; Peine, 
2009; Peine & Herrmann, 2012; Wild et al., 2012; Wilkowska et al., 2010), 
informational (Peine, 2009; Peine & Herrmann, 2012), perceptual (Cerella et al., 
1982; Plude & Hoyer, 1985; Wild et al., 2012) and cognitive barriers (Cerella et al., 
1982; Kline, 1987; Kline & Schieber, 1982; Plude & Hoyer, 1985; Walsh, 2014) to 
technology adoption that often remain unaddressed and lead to rejection of the 
technology under consideration (Morris et al., 2005; Venkatesh et al., 2003). 
Beating this stumbling rate and overcoming the effect of these inhibiting forces is 
vital to paving the way for technology to deliver quality healthcare, and it 
necessitates investing major time and energy (Chappell, 1999). These underlying 
factors, which are driven by the social, psychological, cognitive, and biological 
effects of aging, are absent from the current HTA models. Without capturing these 
key barriers and drivers, those models are incapable of pinpointing the key factors 
to be addressed, in order to enable adoption.  
In summary, gerontology provides limited insight into EHTA (Chen & Chan, 2013, 
2011; Peek et al., 2014). As a result, the field provides little guidance as to what 
technology designs are required to improve expected ease of use and 
performance. It also does not suggest which implementation strategies would lead 
to better technology adoption. Attempts to address such shortcomings have led to 
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the emerging body of research in gerontechnology, which intersects the field of 
technology and gerontology. This cross-functional body of research has shed light 
on contextualizing technology for use by the elderly. However, the majority of these 
efforts have been on new product development, and there is much need for further 
research beyond innovation (Bouma et al., 2007).  
The study of aging and its social, psychological, cognitive, and biological 
implications, in and of itself is aging; it has not been able to catch up with the rate 
of health technology innovations for elderly. This shortcoming has created a 
widening chasm between research on new product development in health-related 
devices and research on how the elderly may adopt such devices.  This emerging 
gap invites multidisciplinary research that will incorporate the existing fragmented 
knowledge in the hitherto disparate fields of technology and gerontology, in the 
hope of gaining a more comprehensive understanding of EHTA. In fact, such a 
multidisciplinary body of research has started, but it mainly focuses on the 
development of even more products (Bouma et al., 2007). This focus causes the 
gap between the understanding of product development for the elderly and the 
understanding of technology adoption by the elderly beyond the initial look and feel 
of the product to widen.  
2.3. Literature Review in Human Factor Engineering (HFE) and Human Computer 
Interaction (HCI) 
Human Factors Engineering or Human Factors and Ergonomics (both abbreviated 
HFE) is the study and practice of applying the knowledge of human physic and 
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psychology to design products for human use (human-factors engineering, 2016). 
Similarly, Human Computer Interaction (HCI)5 is the study and practice of applying 
the knowledge from researching how people and computers. Some consider the 
two fields to be slightly different (“Human Factors vs Ergonomics - Are they the 
same?, 2005), but majority considers them the same and use the terms 
interchangeably. In the context of this dissertation, EHTA, both the HCI 
(“Association for Computing Machinery”) and the HFE (“CHI 2016”) literature refer 
to a similar body of knowledge and research. Therefore, HFE and HCI are going 
to be used synonymously and interchangeably in this text.  
The prevalence of technology in human everyday life is the result of human factors 
engineering (Human Computer Interaction) research that has transpired over the 
past several decades (Myers, 1998). From the ubiquitous graphical interface used 
by Microsoft Windows 95 to the spectacular growth of the World-Wide Web, the 
recent widespread presence of technology is a direct result of the HFE body of 
research (Myers, 1998). As per ISO 6385, ergonomics and the study of human 
factors pertains to the understanding and the design of technologies that most 
effectively address human well-being (“ISO 6385,” 2004). Hence HFE’s 
contribution to adoption process has hinged on 1) designing and innovating 
                                                 
5 Human-computer interaction (HCI) is an area of research and practice that emerged in the early 
1980s, initially as a specialty area in computer science embracing cognitive science and human 
factors engineering. HCI has expanded rapidly and steadily for three decades, attracting 
professionals from many other disciplines and incorporating diverse concepts and 




technologies that would most likely be adopted, and 2) making awareness in 
communities that promoted the adoption of the products and services being 
designed (Myers, 1998). 
With the ever growing global elderly population, a large portion of Human Factor 
Engineering (i.e. Human Computer Interaction) discipline is indeed focused on 
methodologies and best practices for designing and developing easy-to-use, high-
performance products that are well-adapted toward the elderly’s capabilities and 
limitations. However, as the main focus has been around technology design, 
considerations that hardly reach beyond early user experience and initial adoption 
(Bannon, 1991), thus lacking insights into how contextual settings and social 
influence impact adoption.  
The study of technology adoption is so intertwined with technology design that 
studying one is often impossible without studying the other. Silverstone 
(Silverstone & Haddon, 1996) has coined the widespread usage of a technology 
in society as Domestication. Silverstone, in the early 90’s (Silverstone, 1994; 
Silverstone et al., 1994), posits that domestication is the critical component of 
completing the innovation life cycle. He further explored domestication for studying 
information and communication technology design and adoption (Silverstone & 
Haddon, 1996). Domestication is emphasized as the critical process in which 
consumers define their own relationship with the innovation. The process of 
domestication of technology is categorized as: 1) Appropriation (obtaining), 2) 
Objectification (exploring), 3) Incorporation (experimenting), and 4) Conversion 
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(consumption) (Silverstone & Haddon, 1996). He states: “Domestication is 
anticipated in design, and design is completed in domestication” (Silverstone & 
Haddon, 1996, p. 3). Hence, innovation and adoption make up the two sides of the 
product-life-cycle coin; the research for enhancing one side is often intertwined 
with addressing the other side too. Evidently, given the flux of attention to the 
lucrative market of aging health product innovation, there has been advancement 
in collecting user data, which can be used in HTA. 
2.4. Review of Known Data Elicitation Approach in Consumer Market Research 
The user-centered design methodologies aim to boost product adoption by 
facilitating the development of products such as health innovations that best 
address consumer needs. Conventional product development is conducted 
sequentially, from phase to phase.  Functions are specialized, segmented and 
often performed with minimal interdisciplinary interaction. Driven by the 
requirement for speed and flexibility in the fierce competition of today’s commerce, 
new holistic approaches gave life to user-centered design (UCD) philosophy. UCD 
more than ever pays attention to the needs, limitations and the preferences of the 
end users, and in relation to their living environments. One of the most pronounced 
changes in the evolution of new product development is the requirement gathering 
approach. The emerging flexible processes have become the cornerstone of the 
emerging consumer product development process (“The Evolution of Market 
Research | RW Connect,” 2014). 
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The user-centered design methods are even more compelling for the aging 
consumers and particularly elderly women that  are experiencing cognitive, 
biological and psychological challenges (Eastman & Iyer, 2004; Morris & 
Venkatesh, 2000; Peine, 2009; Peine & Herrmann, 2012; Wild et al., 2012; 
Wilkowska et al., 2010). The process of centering the product design around the 
elderly ensures its ‘ease of use’, which is the most important HTA factor among 
elderly women (Arning & Ziefle, 2007; Minton & Schneider, 1985; Morris & 
Venkatesh, 2000; Ong & Lai, 2006; Venkatesh & Morris, 2000). The traditional 
product design philosophy, which generally relies on consumers changing their 
behavior to adopt, has evidently led to the wave of rejected products among elderly 
women. The premise of UCD, which centers product design and development on 
the elderly’s cognitive, biological and psychological challenges, can break this 
vicious cycle. The greater the understanding of the elderly needs and desires, the 
greater the possibility of adopting the resulting products. This understanding can 
be utilized during the entire development/production process, including 
requirement gathering, concept generation, pre/mid and/or post-production 
marketing and roll out planning.  
A meta-analysis of the recent health product design initiatives underlines seven 
categories of techniques used for the development of adoptable product (Rahimi 
& Ibarra, 2014). These methods all focus on the end user’s needs and desires, but 
some are more involved than others. These methods are discussed to identify the 
current challenges and opportunities in conceptualizing appropriate methods to 
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research HTA among different demographics. The meta-analysis suggests that 
unframed inquiry methods like ethnography are the best UCD techniques for 
elderly population, as it allows new insight into the elderly’s changing needs and 
unveils the details of the elderly social influences. For more detailed information, 
please read this earlier publication by Rahimi & Ibarra (2014).  
Consumer market research often relies on reviewing the literature to identify the 
needs and preferences of the elderly in their healthcare decision making from the 
result of prior studies. Sampietro-Colom et al. (2004) reviewed Medline and 
Medical Decision Making Journal publications to elicit women’s preferences in their 
health care. Satariano et al. (2014) conducted a narrative review of research, 
practice, and policies from multiple fields, including information science, 
gerontology, engineering, housing and social services, health care and public 
health to obtain a holistic view for improving access and wellness in older 
populations. Najman and Levine’s (1981) review of the literature highlighted the 
criticism of health care by new technologies that often prioritize life longevity over 
quality of life considerations. Their findings stressed the need for integration of the 
complex interplay of various subjective factors from different streams of studies on 
quality of life.  
Literature. The more comprehensive streams of research consider literature as 
the initial and/or supplementary step and an effective way to explore prior findings. 
While starting research by conducting literature review is the common practice, 
there are some research that literature is their only source of information. The 
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former type of literature review as the starting point has increasingly become the 
state of the art in health innovation studies for elderly, as it facilitates the integration 
of fragmented knowledge from various streams of research. O’Maraa et al. (2012) 
used literature review as a knowledge base for their qualitative study, which had 
two goals: raising awareness of technological intervention for managing diabetes 
among elderly Vietnamese women in Australia and learning lessons for future 
similar practices. They developed a framework in which workshops and interactive 
information sessions were held with the participants. This served as an effective 
venue to educate the community; it also brought forward fresh insights for 
enhancing and improving a technological intervention that resulted from the 
thematic qualitative analysis of those recorded sessions. In fact, many of the recent 
studies integrate a literature review into their studies for drawing on past 
systematic methods and learnings to analyze factors that are key to health 
technologies (Cugelman et al., 2011; Maniam et al., 2015). Evidently, a literature 
review provides an efficient venue to collect, integrate and build upon previous 
bodies of information. However, it is not sufficient for studying the troubled EHTA, 
a field of study that begs new insights.  
Survey. The consumer market body of research contains an abundance of 
research conducted by survey techniques. Survey is the most popular method in 
gathering public information in marketing, psychology, and sociology as well as 
health research.  
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Survey methodology provides an applied statistical method, which gathers, 
measures and draws inference from subjective opinion about specific constructs 
from a sample population. Survey instruments that are delivered via mail, phone 
or email/Internet have been the most popular for comparative exploratory studies 
in HTA. A great number of elderly health technology studies use a survey 
questionnaire as a quick way to capture data pertaining to behavior and 
environment (Liddy et al., 2008) or prioritize the value of key attributes for design 
requirements (Hildebrandt et al., 2015). Surveys have also been used to explore 
the elderly’s perception of eHealth technologies (Best et al., 2015; Or et al., 2011) 
or find trends for elderly healthcare interventions (Xue et al., 2012). The survey 
instrument has been used in many exploratory studies, including the study of 
ageing women’s preferences (Daley et al., 2011), the perception of eHealth mobile 
applications (Xue et al., 2012) and web-based eHealth programs (Uchida et al., 
2001). Throughout these studies, it is evident that the primary issue with 
exploratory and descriptive survey methods is their assumption of key factors to 
study. Survey is a relatively a low cost technique to capture and analyze 
information about known factors from a large population. Nonetheless, the quality 
of the survey relies heavily, among other factors, on the quality of its design, on 
the competency of the surveyor, and on the appropriateness and engagement of 
its participants. This dependency makes a survey an unreliable and unfit for the 
study of HTA among the elderly. As elaborated earlier, the understanding of EHTA 
demands the discovery of novel concepts that emerge from the intersection of 
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personal, societal and technological aspects of the EHTA. A novel approach called 
‘exploratory survey’, which attempts to address the issue of presumptions in survey 
technique, has become increasingly popular among the users of survey methods 
(Pinsonneault & Kraemer, 1993). 
Systematic Observation obtains contextual information about the usage of the 
products in the natural environment. This qualitative technique has become a more 
popular alternative to the more quantitative techniques such as structural 
questionnaires and surveys (Ritchie, et al., 2013). There are different variations of 
observational research: overt, covert and active participation.  In covert 
observation, the researchers do not identify themselves. In overt observation, the 
researchers identify themselves, as well as the purpose of the observation. In 
active participation, the researcher take an active part in the usage of the product 
to obtain more refine and first hand observational information.  
Some observational techniques (for example, Portable Ergonomics Observation 
(PEO) method (Fransson-Hall et al., 1995)) are particularly beneficial for HFE 
applications where the assessment of high-risk issues need immediate attention. 
For example, during the postural observation of a new product prototype, any high-
risk posture issue can be immediately identified and corrective action taken to fix 
the issue (Stanton et al., 2004).  
An Interview is a more flexible inquiry method than the more restricted quantitative 
techniques such as surveys. It’s one of the original and most popular methods of 
capturing information across different fields and its main purpose is to seek the 
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person’s opinion or perspective about the subject being studied (Bull & Memon, 
2000). An interview can take many forms.  Depending on the research goal, an 
interview can be conducted in a completely unstructured format of random 
questioning, a semi structured way of allowing the interview to deviate from the 
path of the enquiry, or a fully structured and planned questioning and answer 
session, in which the answers are recorded and in which asking additional 
questions is allowed. Interviews are generally organized in three steps. They begin 
with open questions, which are followed by probing questions, and they end with 
closing questions (Stanton et al., 2004).  
Verbal Protocol Analysis studies thinking in various branches of scientific 
research including behavior analysis (Austin & Delaney, 1998), cognitive 
psychology (Crutcher, 1994) and cognitive science (Simon & Kaplan, 1989). It 
gathers (the transcripts of) verbal reports and analyzes their contents to capture a 
person’s cognition. Unlike interview techniques in which a participant is asked to 
answer questions, Verbal Protocol Analysis is usually conducted during the usage 
behavior, where the user is asked to think out loud while doing the task (Bainbridge 
& Sanderson, 1995). Similar to grounded theory coding, the transcripts can be 
coded and analyzed in various specificity of analysis, from words or phrases to 
less detailed forms of coding like sentences or themes. To find the schemes, 
Stanton et al. (2004, 277) say: “Encoding the verbalizations requires the 
development of a mutually exclusive and exhaustive categorization scheme, which 
should first be tested for reliability before it is used to analyze the transcripts.”   
45 
 
The focus group is one of the most popular HFE and marketing data collection 
methods. It is a form of group interview. The goal of this method is to provide an 
effective way to quickly obtain information from a number of people in a welcoming 
and interactive way. This method has been shown to provide a safe venue for 
people to freely talk in response to the open ended questions raised (Stanton et 
al., 2004), and it is a good method for eliciting subjective data (Nielsen, 1994). 
However, it potentially limits data gathering. For example, participants with 
opinions that oppose those of the majority of the group may withhold their opinions. 
So may participants that consider the subject under study as too sensitive (Corlett 
et al., 1995, Chapter 7). When it comes to product design, an additional 
disadvantage of the focus group method is the fact that people are not good at 
imagining using a product concept that does not exist yet. This has led to the birth 
of “scenario-based focus group”, where, in a scenario, users are asked to imagine 
the product being designed by connecting to an existing product (Cooper et al., 
2003).  This would allow the participants to collaboratively develop and 
incrementally enhance each other’s ideas toward the product design (Corlett et al., 
1995). 
The repertory-grid is a technique designed to collect people’s constructs, i.e. what 
people think about a particular topic. It is a grounded theory approach, which 
means that, in a bottom-up approach, the data emerges entirely from the 
participant. The repertory-grid is based on George Kelly's Personal Construct 
Theory (George Kelly, 1955), which posits that people’s opinion of things around 
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them are based on a collection of similar and different dimensions (i.e. personal 
constructs). The research is broken down to three stages – 1) observation; 2) 
emergence of the patterns (of similar, different and opposing artifacts); and 3) 
hypothesis and formation of constructs. In HFE, the resulting constructs are used 
as the criteria to evaluate products. The advantage of this technique is the removal 
of the researcher’s interference from the collected perceptions. This technique has 
been deployed in many fields, including information systems, to obtain a fresh set 
of user attributes that act as evaluation criteria to ensure that the users’ 
expectations are met (Whyte Bytheway, 1996). The repertory-grid can serve as a 
powerful knowledge capture technique because of its emphasis on allowing the 
person to interpret and explain&  about her or his experience. The unframed nature 
of the method allows the flow of novel information. A repertory-grid contains four 
parts: 1) a topic, 2) a set of elements, 3) a set of constructs, and 4) a set of ratings 
of elements on constructs.  
In summary, ergonomists will work somewhere between the poles of scientists and 
practitioners with approaches based on the problem at hand (Stanton et al., 2004). 
Due to the reusability of their scientist-practitioner models, HFE methods are 
useful. There are a variety of methodological choices used in different stages of 
HFE product design before the development follows.  These stages, which are 
similar across the board, are: 1) to collect, 2) to analyze and interpret, 3) to 
prioritize, and 4) to conceptualize the customer needs into the deliverables (Ulrich 
& Eppinger, 2004). While the earlier methodologies have mainly made inferences 
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from the cognitive science, the more modern ones rely on direct involvement that 
is centered on the users and inquiry and incorporation of their feedback into the 
process. The evolution of HFE has reversed innovation efforts from enhancing 
user experience by better technology design to enhancing technologies by designs 
based on the users’ needs.  
Despite this gradual evolution toward superior approaches, most of these methods 
still lack the capacity to holistically understand the elderly’s paradigm and look 
beyond the initial phases of adoption (Hornbaek, 2006). The HFE approaches also 
miss the whole picture, as they only focus on the perceived needs and/or the 
delivery of features that the technology mandates. The key issue with such 
methods is that they cannot facilitate the discovery of new factors that need to be 
addressed. Newer methods such as ethnography do facilitate the emergence of 
new information and the capture of the whole picture. However, full ethnographic 
methods are very expensive; they demand a high degree of effort. Additionally, 
since they require prolonged longitudinal studies, they face the risk of attrition of 
participants (Dumas & Salzman, 2006). 
2.5. Literature Review in Health Technology Adoption  
A cursory data mining of existing publications in HTA (see Appendix A) suggests 
that the first few decades of studies in this field have mainly focused on 
organizational factors, for the innovations were preeminently centered on 
automation and enhancement of processes in clinical settings. The data mining 
tables in the Appendix A highlight the prevalence of studies at the organizational 
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level. They cover themes such as organizational readiness, rural hospitals and 
regional health delivery.  
Another glimpse at the published articles in HTA (Figure A - 2 Citespace Cluster 
Detail of earliest 500 articles in HTA, and Figure A - 3 Subject Category of the 
earliest 500 articles in HTA) also suggest that elderly health technology adoption 
has hardly been researched in the earlier body of research. This limited search 
has only revealed 25 articles (from the 894 found) in gerontology and geriatrics 
gerontology categories of the Web of Scicence. While this is a very limited search, 
it is a reflection of the scarcity of early EHTA research in the context of the HTA 
body of research.   
Rahimi and Jetter conducted an extensive review of the technology adoption 
literature (Rahimi & Jetter, 2015), which looked at extant theories and their 
applications in health technology adoption. They found that the eleven most 
popular technology adoption-related theories (depicted in Figure 2 - 2) fell into two 
categories: human behavior theories and technology adoption theories. Human 
behavior theories under study included Social Cognitive Theory (SCT), the Theory 
of Reasoned Action (TRA), the Theory of Planned Behavior (TPB), the Reasoned 
Action Approach (RAA), and the Hierarchical Model of Intrinsic and Extrinsic 
Motivation (HMIEM). Technology adoption theories under study included the 
Technology Acceptance Model (TAM), the Model of PC Utilization (MPCU), 
Innovation Diffusion Theory (IDT), the Combined TAM & TPB (C-TAM-TPB) 
theory, TAM2 and the ‘Unified Theory of Acceptance and Use of Technology’ 
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(UTAUT). This section provides a summary of this literature review (for the 
complete report of the study please read (Rahimi & Jetter, 2015)). This study 
covered hundreds of health technology applications of these theories. The study 
demonstrates that these theories are able to provide a sound foundation for HTA 
research. However, the study also demonstrates that these theories are unfit to 
capture the complexity of the healthcare context holistically.  
 
Figure 2 - 2 The reviewed popular theories applied in Health Technology Adoption 
 
Models Model Description Factors 
Theory of Reasoned 
Action (TRA)  
(Fishbein & Ajzen, 1975) 
 
Behavior intention is determined by person's 




Theory of Planned 
Behavior (TPB)  
(Ajzen, 1985) 
Behavior intention is determined by a 
combination of person's attitude,  subjective 






 Technology Acceptance 
Model (TAM)(Davis, 1985) 
Technology acceptance behavior is driven by 
perceived usefulness and perceived ease of use 
Perceived usefulness 
Perceived ease of use 
Combined TAM and TPB 
(C-TAM-TPB)  
(Taylor & Todd, 1995) 









Model of PC Utilization 
(MPCU) (Thompson et al., 
1991) 
Uses of information technology are driven by 
complexity, job-fit, long-term consequences, 
affect toward use, social factors and the 










(MM)(Davis et al., 1992) 
Rooted in psychological research and adapted to 
the use of information technology, the extrinsic 







Rooted in sociology, it has been applied to many 
fields including IT. The theory highlights the 
significance of relative advantage, ease of use, 
image, visibility, compatibility, result 
demonstrability and voluntariness of use as the 
major determinants of individual technology 
acceptance 
Relative advantage 






Voluntariness of use 
Social Cognitive Theory 
(SCT) 
(Bandura, 1986) 
One of the most researched theories based on 
social learning that has also been adapted to IT 
usage. It identifies self-efficacy, performance 
expectation, affect and anxiety to use as the 







Unified Theory of 
Acceptance and Use of 
Technology (UTAUT)  
(Venkatesh et al., 2003) 
Designed to best predict the usage of technology 
and combines the findings of the earlier models. 
It not only identifies performance expectancy, 
effort expectancy, social influence and facilitation 
conditions, but also posits that age, gender, 
voluntariness to use and experience are 







Table 2 - 1 The Most Popular Technology Adoption Theories in HTA 
The theories in Table 2 - 1 are too parsimonious and simple to shed much light on 
the issue at hand. They are also unable to provide actionable interventions in the 
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multifaceted environment of healthcare settings (Bagozzi, 2007). For instance, 
while TAM (Davis, 1985) has delivered spectacular performance in general 
organizational settings (Bagozzi, 2007; Williams et al., 2011), it has been too 
simple and less than comprehensive in healthcare applications (Glanz, Rimer, & 
Viswanath, 2008; Y. Lee et al., 2003).  
Most of these theories assume that the intention to adopt (adoption intention) is 
the sole driver of the actual adoption behavior, but practice proves them wrong 
(Bagozzi, 2007; Glanz et al., 2008; Lim et al., 2011). A meta-analysis of 47 tests 
that investigated the effect of change of intention on change of behavior showed 
that a medium to large-sized change in intention only created a small to medium 
change in behavior. Therefore, the future behavioral changes should consider the 
non-intentional paths to action like automotive and prototype perception (Webb & 
Sheeran, 2006). Additionally, it has been shown that, in health decisions, past 
behavior directly affects the intention to use, which current theories (Fishbein & 
Ajzen, 2011; Gaither et al., 1996) do not capture. 
Many of the significant challenges in the study of technology adoption/acceptance 
in healthcare, such as social influences (Pasick et al., 2009; Wentzel & Wigfield, 
1998), emotional factors (Baumgartner et al., 2008; Clore & Huntsinger, 2007) and 
demographic characteristics (Schaar & Ziefle, 2011; Venkatesh et al., 2000; 
Wilkowska et al., 2010), are not covered by the theories in this space (Albarracín 
et al., 2005; Wild et al., 2012). For example, age and gender are particularly 
important factors in technology adoption. Perceived usefulness is the most 
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significant determinant of adoption among males in general, whereas perceived 
ease of use and social norms are the key drivers in that determine intention to use 
among the female elderly (Morris et al., 2005; Venkatesh & Morris, 2000).  
Research into 47 applications of social cognition theories (published between 1997 
and 2001) suggested shortcomings in their conceptual contributions (Ogden, 
2003). (These included the Theory of Reasoned Action –TRA (Fishbein & Ajzen, 
1975) and the Theory of Planned Behavior – TPB (Ajzen, 1985).) Specifically, 
Ogden’s analysis showed that the conclusions obtained from such studies were 
more than often true by definition as opposed to by the observations derived from 
those studies (Ogden, 2003).  
Traditionally, adoption theories have been conceptualized for organizational 
settings, and they have not really undergone any significant changes over the past 
few decades (Bagozzi, 2007; Ogden, 2003). However, over time EHTA has 
expanded beyond organizational issues. It involves social influences (Pasick et al., 
2009; Wentzel & Wigfield, 1998), emotional factors (Baumgartner et al., 2008; 
Clore & Huntsinger, 2007) and more complex personal factors (Lee, 2007; Renaud 
& Van Biljon, 2008). Existing theories provide little insight into these factors; they 
need to be expanded to cover many important aspects of EHTA. This difference 
between the current theoretical body of knowledge and the capability to 
understand EHTA is a gap that requires attention.  
Many researchers have tried to address the gap. Their efforts have resulted in 
several integrated theories such as C-TAM-TPB (Taylor & Todd, 1995) TAM2 
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(Venkatesh & Davis, 2000), RAA (Fishbein & Ajzen, 2011), UTAUT (Venkatesh, 
2003). The latest product of this theoretical evolution is the UTAUT. However, the 
UTAUT has proved to be less than comprehensive in explaining adoption in the 
healthcare context (AbuShanab et al., 2010; Aggelidis & Chatzoglou, 2009; 
Bagozzi, 2007; Luo et al., 2010; Robson & Sutherland, 2012; Williams et al., 2011).  
The review of the health technology adoption literature demonstrates that, despite 
the abundance of studies in modeling health behavior in relation to technology (see 
Rahimi & Jetter 2015), there are no major contributions in methodologies that 
model HTA (Crosby & Noar, 2010; Noar & Zimmerman, 2005). The academic 
literature overwhelmingly supports the use of proven theories as the most 
appropriate first steps to inform health research. This practice provides a strong 
theoretical foundation that is based upon knowledge of key factors that have been 
accumulated over four decades of studies of human behavior (Glanz et al., 2008). 
However, the intricacies of complex applications, like those of healthcare, 
necessitate taking additional steps. These steps should expand theories to create 
realistic models that can reflect many concepts and conditions specific to the issue 
at hand. The very parsimonious nature of the organizationally based theories 
doesn’t allow for HTA-specific details, which compromise their utility in favor of 
generalizability (Bagozzi, 2007). Although their simplicity make these theories 
generalizable, when it comes to empirical studies, meta-analyses demonstrate that 
utility trumps generalizability (Chalmers, 1982). This inherent simplicity of the 
current theories has created inconsistent results, often leaving much of the 
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variances in the human behavior unexplained (Karsh, Escoto, Beasley & Holden, 
2006; Ogden, 2003; Williams et al., 2011).  
To address this shortcoming, researchers have tried to create more 
comprehensive models using two primary approaches: 1) Integrating several 
theories that are perceived to contain the most important factors relevant to the 
HTA application at hand (Chau & Hu, 2002; Holden & Karsh, 2010; Taylor & Todd, 
1995; Venkatesh & Davis, 2000), and/or  2) using a theory as the base for the 
model and supplementing it with the additional key factors (AbuShanab et al., 
2010; Aggelidis & Chatzoglou, 2009; Duyck et al., 2010; Luo et al., 2010; Robson 
& Sutherland, 2012; Samoutis et al., 2008; Williams et al., 2011). These 
approaches are effective in that they use the existing theories as existing 
knowledge. However, the outcome of these approaches is inconclusive, and the 
validity of the added factors depends on the level of knowledge of the research 
team.  
Najman and Levine (1981) showed that there is an interrelationship between the 
various factors that determine technology adoption behavior. This would indicate 
that most technology adoption theories including the UTAUT are incomplete. A 
study by Rahimi et al. (2016) has documented that social influence impacts all the 
other input factors of the UTAUT (Figure 2 - 3). The UTAUT has to incorporate 
these interactions, in order for it to explain HTA. These interactions need to be 
captured in a model so that the expanded version of the UTAUT provides a better 




Figure 2 - 3 UTAUT with Social Influence influencing all other input factors (Rahimi et al., 2016) 
 
A meta-analysis of health behavior research found that the performance of 
adoption theories varies across different health applications, as the correlation 
between the input and output factors depended on to the type of the health 
behavior being studied (Godin & Kok, 1996; T. Webb, Joseph, Yardley, & Michie, 
2010). This finding highlights the need for modeling methodologies that can 
capture the specifics of HTA application. It should also cover the dynamic interplay 
between factors that are specific to the context being studied.  
Reviewing decades of technology adoption studies provides little evidence of 
methodological pluralism (Crosby & Noar, 2010; Ogden, 2003; Painter, Borba, 
Hynes, Mays, & Glanz, 2008). This shortcoming exists in various complex multi-
























This highlights the previously discussed need for applied research methods that 
lead to actionable insights in HTA studies (Bagozzi, 2007; Rothman, 2004). The 
recommendation is for the body of knowledge to be continuously informed and 
evolved by new observations to effectively explain, predict and intervene health 
behavior (Head & Noar, 2014).  The recommendation is to develop data-driven 
theories that are “more effective at explaining and predicting health behaviours as 
well as improving the ability of our interventions to change health behaviour” (Head 
& Noar, 2014, p. 49).   
Furthermore, when it comes to observation and interpretation, the occasional bias 
of the research team has also created adverse effects. There have been numerous 
reports of justification, rather than validation of the shortcomings of theories (Mook, 
1983; Ogden, 2003). This has further reduced the practical value and the 
contribution of such studies (Head & Noar, 2014; Mook, 1983). Additionally, aside 
from the influence of the researcher on the result (gatekeepers effect), using poor 
enquiry methods can also change the observation and undervalue its contribution 
(Bagozzi, 2007; Ogden, 2003). For instance, the design of a questionnaire with 
new information for participants can change or create, as opposed to access, 
peoples’ opinion (Bagozzi, 2007; Ogden, 2003). To avoid the interference and 
presumption that obstruct the view to the mental model involved in the adoption 
decision making, the use of user-centered inquiry methods like ethnography 
becomes important, as their nature of observation avoids framing of the enquiry 
(Rahimi & Ibarra, 2014). 
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It has been common practice to conduct studies that stress the importance of 
basing research on proven theories. (Bagozzi, 2007; Head & Noar, 2014; Karsh et 
al., 2006). As Glanz et al. (the authors of a highly cited book: “Health behavior and 
health education: theory, research, and practice”) state: “the best theory is 
informed by practice; the best practice should be grounded in theory” (Glanz et al., 
2008). A review of the HTA literature (Rahimi & Jetter, 2015b), which evaluated 
the eleven most popular technology adoption theories, reaffirmed the importance 
of theoretical knowledge as the foundation for conducting technology adoption 
research. However this literature review also highlighted an array of shortcomings 
and challenges in researching health technology adoption. These issues, which 
are summarized in the Table 2 – 2, range from theoretical unfitness and empirical 


















 Fallacy of simplicity (Glanz et al., 2008; Lee, Kozar, & Larsen, 2003) 
 The assumption that intention is equal to behavior (Bagozzi, 2007; Glanz et 
al., 2008)  
 Presentation of analytical versus synthetic truth (Ogden, 2003)  
 Lack of specificity for the complexity of the health care setting (Bagozzi, 














 Inconsistent results, and often much of the variance is left unexplained 
(Karsh, Escoto, Beasley, & Holden, 2006; Ogden, 2003; Williams, Rana, 
Dwivedi, & Lal, 2011) 
 Missing factors that are significant in HTA, and the need to supplement 
additional factors (AbuShanab, Pearson, & Setterstrom, 2010; Aggelidis & 
Chatzoglou, 2009; Duyck et al., 2010; Luo, Li, Zhang, & Shim, 2010; Robson 
& Sutherland, 2012; Samoutis et al., 2008; Williams et al., 2011)  
 The need to integrate several theories for research to become relevant to 
HTA (Chau & Hu, 2002; Holden & Karsh, 2010; Taylor & Todd, 1995; 














 Tautological propositions (Ogden, 2003)  
 Justifying existing theories rather than validating the shortcomings of these 
theories (Mook, 1983; Ogden, 2003) 
 Theories not providing practical value in the complex social settings of 
healthcare (Head & Noar, 2014; Mook, 1983). 
 Gatekeepers effect: using poor enquiry methods that often change 
cognition, as opposed to accessing it (Bagozzi, 2007; Ogden, 2003) 
 Little methodological pluralism—highlights need for developing more 
applied research methods (Bagozzi, 2007; Crosby & Noar, 2010; Ogden, 
2003; Painter, Borba, Hynes, Mays, & Glanz, 2008; Rothman, 2004)  
Table 2 - 2 Challenges in HTA research 
 
In summary, a plethora of research complains about the lack of novel 
methodologies for studying HTA, and it reports that the era of having one unified 
model that can generalize the technology acceptance across applications might 
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be over (Bagozzi, 2007; Godin & Kok, 1996; Head & Noar, 2014; Ogden, 2003). 
Technology adoption studies in organizational settings are becoming a thing of the 
past. For example, prior to 2003, 27% of TA research has been around TA in 
organizations (Lee et al., 2003). Since the advent of the UTAUT in 2003, only a 
very small percentage (2.3%) of research has been around organizational 
technology adoption (Williams et al., 2011).  Instead, there has been a pressing 
need to understand the interplay of factors that are involved in the adoption of 
emerging health innovations that are revolutionizing healthcare delivery. (For 
complete review in technology adoption literature, please read Rahimi & Jetter's 
publication from (2015).) 
Extensive reviews of the EHTA literature show that technology adoption field 
provides limited guidance for elderly healthcare (Karsh et al., 2006; Williams et al., 
2011). This is due to three major reasons:  
I. Complex multi-stakeholder settings of healthcare are not sufficiently 
understood (Crosby & Noar, 2010; Johnson, 2011; Ogden, 2003; Painter 
et al., 2008; Rothman, 2004);  
II. The factors highlighted in TA literature are too generalized to provide 
empirical value in the context of healthcare (Bagozzi, 2007; Head & 
Noar, 2014; Rothman, 2004); and  
III. Key factors of the elderly decision making process are missing 
(Samoutis et al., 2008; Taylor & Todd, 1995; Venkatesh & Davis, 2000).  
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In order to fill this knowledge gap in EHTA, promising interdisciplinary research 
has already begun (e.g. Council & others, 2009). However these efforts are 
sporadic and of limited scope (Crosby & Noar, 2010; Ogden, 2003). In addition, 
the methods for conducting holistic research are often too costly, and they require 
major resources, which limits their popularity (“Four Methods For Holistic Market 
Research,” 2016; R. B. Johnson & Onwuegbuzie, 2004). Furthermore, current 
methods mostly frame the enquiry, and those that rely on questionnaires may 
change cognition (Ogden, 2003). Often, these methods yield static information that 
provides little value in constantly changing environments (Guston & Sarewitz, 
2002) such as healthcare. There is much criticism about the lack of pluralism in 
the methods used, and there is a call to arms to actively identify the challenges 
and opportunities for developing better methods (Bagozzi, 2007; Crosby & Noar, 
2010). These methods could borrow advantageous features from and address 
shortcomings of the earlier ones.  
In the pursuit of bridging the gap between the theoretical insights of scientific 
theories and the actionable information needed in practice, many more efforts that 
build scientist-practitioner models are required. These models would serve as 
useful tools to address the compelling need for cognitive simplicity. They could 
integrate and visually represent the knowledge of all stakeholders. Thus, they 
would be used by all stakeholders more readily. In addition, there is a need for 
methods that can streamline the model building process, provides structure and 
has the capacity for repeatability. (Stanton et al., 2004)  
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2.6. Literature Review in Modeling Methods in EHTA 
The above review of the body of research that underlies EHTA (gerontology, HFE 
and HTA) had identified popular approaches to modeling EHTA. It is important to 
note that the compelling need (identified in the earlier sections) is to conceptualize 
new modeling methods that contextualize EHTA. Therefore, the modeling methods 
that are ‘theory first’ or deductive (Theory → Hypothesis → Observation → 
Confirmation) are reviewed here.  ‘Theory later’ or inductive approaches 
(Observation → pattern → tentative hypothesis → theory), which tend to build 
new theories, are outside the scope of this dissertation.   
EHTA research in gerontology, HFE and HTA uses various combinations of data 
collection, analysis and validation techniques. I classify these methods into one of 
the three following categories:  1) the Theory_Enquiry_Quantitative-Method 
(TEQn); 2) the Theory_Enquiry_Qualitative-Method (TEQl); and 3) the 
Integrative_Enquiry_Mixed Method (IEM). These names follow the naming 
convention of the general stages of the deductive approach: “theory  
observation_method  analysis method”.  
Earlier sections have established that a successful design and implementation of 
EHTA modeling methods should be based on a holistic understanding of the 
decision process of adoption by the elderly, as well as the complex interactions 
between the elderly and their environment. The successful method becomes a 
useful tool to model important factors that influence the elderly’s technology use 
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behavior. The model also allows the analysis of alternative characteristics of the 
technology under study that best fits the elderly’s needs and preferences.  
The review of the HTA, gerontology and HFE literature in relation to EHTA 
(sections 2.1 through 2.4) has highlighted the need for novel modeling methods, 
which extend sound TA theories to accomplish the following:  
1) Contextualize the abstract factors of TA theories,  
2) Incorporate key factors of the elderly decision making process, and 
3) Integrate the important influencers of the elderly in the complex multi-
stakeholder setting of EHTA.  
Theory first (deductive) methods base their research on extant theory. This is 
unlike the inductive methods that are primarily based on observation to identify 
patterns that lead to, propositions, hypotheses and ultimately theory. HTA 
deductive modeling methods generally select a highly popular technology adoption 
theory (such as TAM or UTAUT) and extend it. The extension is primarily done in 
two ways: 1) merging the theory with other relevant theories (Karimi-Shahanjarini 
et al., 2013; Samoutis et al., 2008), 2) expanding the left side (input) of the theory 
by contextualizing the independent input factors of the theory (Aggelidis & 
Chatzoglou, 2009; Duyck et al., 2010) (i.e. adding specific independent factors that 
serve as the input factors of the original independent factors). Once 
conceptualized, the hypothesized model is tested through some type of 
observation. The observation is usually through empirically collected data from the 
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population under study. In these methods, the factors are usually obtained from 
literature (or SMEs) and the collected data is used to statistically test the 
significance of these factors for the application under study. These statistical tests 
measure the factors’ relevance and forecasting power as the criterion to keep the 
factors in the model. This analysis leads to the conceptualization of a model that 
explains the most variance, and thus can be applied to the phenomenon under 
study. 
2.6.1. Theory_Enquiry_Quantitavie-Method (TEQn) 
The Theory_Enquiry_Quantitative-Method is arguably the most popular modeling 
approach in technology adoption body of research. In this combination of 
techniques, a popular technology adoption theory (usually TAM, but also other 
theories, popular at the time, such as TPB, SCT, etc. and more recently UTAUT) 
is extended to include the relevant factors to the study. The additional factors are 
derived from one theory or a combination of other theories, as well as input form 
subject matter experts (SMEs) and a review of the literature. The conceptualized 
model consists of the original theory and all the added factors suggested by the 
knowledge source (literature, SMEs, field data). Data are subsequently collected 
through a survey of the participants under study (traditionally by pen and paper or 
over the phone and recently using online surveys). After that, statistical methods 
are deployed to find the most important factor predicting the behavior. These 
statistical methods include factor analysis (a process in which the values of 
observed data are expressed as functions of a number of possible causes in order 
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to find which are the most important); cluster analysis (grouping similar group of 
factors or variables into clusters); regression analysis (a set of quantitative 
techniques that estimates the relationships among variables, with focus on 
developing a predictive formula that predicts dependent variable(s) based on one 
or more independent variables/predictors); structural equation modeling (SEM, an 
approach that analyzes and models the structural relationship of data).  
Kwon and Chidambaram applied the Theory_Enquiry_Quantitative-Method to 
model cell phone adoption; they integrated the TAM (Davis, 1985) and the 
Motivational Model (MM) (Davis et al., 1992), and they extended them with 
additional factors. Kwon and Chidambaram’s model was contextualized and 
refined by survey enquiry, and subsequently analyzed by conducting multiple 
regression and path analysis (Kwon & Chidambaram, 2000). Tang and 
Hämäläinen (2013) modeled technology adoption for Living Lab Aging Care by 
merging the TAM (Davis, 1985) and the theory of diffusion of innovation (Rogers, 
2010), and adding factors from literature.  Then the authors contextualized the 
resulting model based on an online survey and tested the model by multiple 
regression (Tang & Hämäläinen, 2013). Similarly, in the study of the role of 
demographics in adoption, Lee (2010) extended TAM to include age, gender, 
education and income factors using literature. He, then, tested the hypothesized 
model with an online survey and analyzed the results using ANOVA (factor 




Theory_Survey_SEM: This is one of the most commonly used combinations of 
techniques in the Theory_Enquiry_Quantitavie-Method modeling group of 
methods. As part of the TEQn subgroup, the theory is contextualized by expansion 
with context-relevant factors. From there, survey data are collected through a 
survey of the studied participants (traditionally by pen and paper or over the phone, 
and recently by using online surveys). Finally, the structural relationship of data is 
analyzed using Structural Equation Modeling (SEM), and the model is formed. 6  
Hoque & Sorwar (2016) used Theory_Survey_SEM to extend UTAUT to 
understand the behavioral intentions of the elderly in their adoption of mobile 
health services in Bangladesh. Their EHTA model found a significant relationship 
between the UTAUT constructs and hedonic motivation, price value and habit. The 
study also identified the moderating role of gender and its influence on the adoption 
of mobile health technology and services. And, Rue et al. (2009) used 
Theory_Survey_SEM to investigate the factors affecting the elderly’s participation 
decision in video user-created content services (self-created online videos, like 
those on YouTube) in Korea. They extended the TAM to include aging-related 
factors. Using data collected from surveying 290 online users, they analyzed the 
resulting model using SEM methods. The research resulted in the identification of 
                                                 
6 Structural equation modeling (SEM) refers to a combination of mathematical models of factor 
analysis and multiple regression analysis. It is used to measure the structural relationship between 
the measured variables is the collected data and the latent constructs of the model (adoption 




some of the aging-related factors such as perceived physical condition (physical 
age), life course events (psycho-social age), perceived user resources, prior 
similar experience, and computer anxiety (Ryu, Kim, & Lee, 2009). Deng et al. 
(2014) also used Theory_Survey_SEM approach to explore and model the middle-
aged and older users’ adoption of mobile health services in China. To create their 
hypothesized model, they extended the Theory of Planned Behavior (TPB) (Ajzen, 
1985) by merging it with the Value Attitude Behavior Model (Vaske & Donnelly, 
1999) and adding four constructs that are characteristic of aging. They 
subsequently tested the model empirically using the data collected from a survey 
of 424 residents older than 40 years. Finally, they used structural equation 
modeling to estimate the significance of each factor (Deng et al., 2014). Similarly, 
Abiola (2016) and Best et al. (2015) used survey techniques for modeling of their 
EHTA and tested their hypothesized model using a structural equation model 
(Abiola, 2016; Best et al., 2015).  
2.6.3. Integrative_Enquiry_Mixed-Method (IEM) 
To alleviate the aforementioned deficiencies, researchers have introduced mixed 
methods to EHTA, which use the effective aspects of qualitative techniques for 
data collection and effective aspects of quantitative techniques for analysis and 
verification. This is evident by the new waves of EHTA modeling research that has 
used qualitative methods to extend extant theories with patterns have emerged 
from in-depth observation (Compagna & Kohlbacher, 2014b; Liddy et al., 2008; 
O’Mara et al., 2012).  This hybrid approach allows for combining induction and 
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deduction by integrating two separate studies. First, a qualitative, inductive study 
is conducted to find new information that was not possible by a quantitative study. 
The qualitative study is followed by a quantitative, deductive study, which 
generalizes the findings of the qualitative study (Grafton et al., 2011). This 
approach allows the researcher to compensate for shortcomings of each method 
with the strengths of the other (qualitative vs. quantitative) (Jick, 1979, as cited by 
Bhate 2012). It also strengthens the confidence of the research, by expanding the 
findings beyond one method; identifying empirical contradictions that could have 
been missed otherwise; and triangulating research findings (Denzin, 1978, as cited 
by Bhate, 2012). 
The advantages of mixed-methods are particularly important in the context of 
social and health research, as the problems addressed in these applications are 
complex, and either quantitative or qualitative approaches alone are insufficient to 
address this complexity (Creswell, 2013, chapter 10). Since the publication of the 
Handbook of Mixed Methods in the Social & Behavior Sciences (Tashakkori & 
Teddlie, 2003), the method has evolved and gained momentum and become the 
focus of several journals (Journal of Mixed Methods Research | SAGE Journals; 
Mixed Methods - Journal of Ethnographic & Qualitative Research). In recent years, 
mixed-methods have been increasingly welcomed and utilized in the domains of 
health research (Holtrop et al., 2016; Pinto et al., 2014) and gerontology research 
(Fink & Beck, 2015; Vrkljan, 2009). It is also being promoted by the US department 
of health and human services (Coyle et al., 2016; Evidence and Evaluation | PCMH 
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Resource Center). However, this approach is not commonly deployed in EHTA 
research. Yet, mixed-method associations (such as (MMIRA, 2016)) and scholars 
emphasize the need for sound research methods that utilize the strength of mixed-
method (Creswell, 2013, page 204; Vrkljan, 2009). Scholars also highlight the need 
and include visual capability (R. B. Johnson & Onwuegbuzie, 2004; Onwuegbuzie 
& Combs, 2010) for linking mixed-method research approaches with visual display 
that provide a richer understanding of our environment. They advocate for new 
mixed-methods that enable visual display, as that provides a powerful synthesis of 
inquiry and display of data and form (Dickinson, 2010). 
Recent literature (e.g. Crosby & Noar, 2010; Head & Noar, 2014; Noar & 
Zimmerman, 2005; Ogden, 2003; Painter et al., 2008; Rothman, 2004) complains 
about the redundancy of TA streams of research that have been reusing a priori 
knowledge with the false hope of finding insight in the new contexts of HTA, 
highlighting the need for new methods to discover new insights. Qualitative 
methods have been shown to facilitate new discoveries, and for many decades 
have been used to ground theories. As such, in recent years, they have been 
increasingly reconsidered for the study of HTA (Chaurasia et al., 2016; Zhang et 
al., 2014). This broadening of the search for the most effective techniques that can 
bring the much needed fresh insight has added qualitative techniques to the 
quantitative approaches in EHTA.  The resulting mixed modeling efforts usually 
select a relevant TA theory and extend it using insights directly obtained from 
observation and involvement of the elderly under study. Although such research 
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still heavily relies on related literature (gerontology, gerontechnology, psychology, 
cognitive and social science, etc.) to inform the study, the resulting models are 
closely tied to the information that has emerged from the field enquiry. Quantitative 
techniques are often used in this modeling research for their ability to provide 
effective verification and simulation of possible scenarios. A few examples of such 
efforts follow. 
To create a predictive model for assistive technology adoption among people with 
Dementia (mostly elderly), Zhang et al. (Zhang et al., 2014) and (Chaurasia et al., 
2016) adopted the Integrative_Enquiry_Mixed-Method research method. Although 
these researchers stayed away from a priori knowledge based on the criticism of 
its lack of predictive power, their research benefited from the literature. In this 
research, the conception and the contextualization phases were integrated. The 
resulting models were founded on the longitudinal data that the researchers 
collected during consultation with 40 Dementia patients and their caregivers (in the 
Cache County Study on Memory in Aging in Utah State University). The data 
collected were analyzed through several data mining algorithms to extract the most 
important factors. Influence diagrams were created to capture how the emerged 
factors influence one another. The hypothesized models were then verified by 
testing the significance of the factors through quantitative data analysis 
techniques, including statistical pair-wise comparison and stepwise regression. 
Thirty-one features, which represented a range of age, gender, education and 
details of health condition, were conceptualized. In the process of modelling 
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adoption, feature selection and feature reduction were carried out, followed by 
identifying the best classification models.  
With advancements in health technology such as the emerging Internet of Things, 
which generate big data, data mining and machine learning are becoming 
increasingly popular. Machine learning (artificial intelligence programs that learn 
and change based on new data) and data mining (software that examines large 
amounts of data to find new information) have recently entered healthcare studies, 
where they are expected to become prevalent (HealthITAnalytics, 2016). These 
practices can be used to build predictive models through finding unknown patterns 
and trends in health data (Kincade, 1998). They can also be used as techniques 
for data selection and analysis of vast data to build exploratory models to uncover 
previously unknown patterns (Koh, Tan, & others, 2011). A few gerontechnology 
studies have already used data mining (Banaee et al., 2013), but, to date, this 
approach has not been deployed in EHTA research.  
2.6.2. Theory_Enquiry_Qualitative-Method (TEQl)  
In the recent years, scholars increasingly complained about the redundancy of 
deductive research methods that are based on presumptions of important factors 
(Bagozzi, 2007; Glanz et al., 2008).  Quantitative analysis techniques and a 
conventional data collection methods (e.g. survey) lacked the ability to discover 
fresh insights due to their inherent presumptive framework of research design 
(“Weaknesses of Survey Method,” 2015). By contrast, the unframed qualitative 
data collection and analysis techniques allow the important concepts/factors to 
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surface from observation. This invited qualitative techniques, which are generally 
associated with inductive approaches, to enter the world of deductive model 
building.  
In response to the call to arms to develop predictive HTA modeling (Crosby & Noar, 
2010; Head & Noar, 2014), Renaud and Van Biljon (2008) developed a senior 
technology acceptance and adoption model for mobile technology based on TEQl 
approach. To do that, they conducted a literature study on technology adoption 
theories and models, as well as an investigation into the context of the senior user, 
to develop their model. They used earlier developed theories like Domestication of 
Technology (Silverstone & Haddon, 1996) and Mobile Phone Technology 
Acceptance Model (MOPTAM) (van Biljon & Kotzé, 2007), which had 
contextualized the UTAUT for mobile phone adoption of non-organizational users. 
They then added factors that the literature had marked important in elderly decision 
making, such as socio-economic factors. They then designed and conducted a 
semi-structured interview that involved recording the elderly’s answers to a set of 
questions. Their interview questions involved guiding the elderly through a set of 
scenarios and design activities on a paper prototype of mobile phones. They then 
thematically analyzed the data collected. Data was grouped by similarity and then 
counted, as a means to identify the factors surfacing from the elderly, which 
validated the hypothesized factors (Renaud & Van Biljon, 2008). 
The downside of qualitative methods is that they are usually very time consuming 
and resource-intensive. Additionally, since there are fewer participants studied in 
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qualitative methods, they are considered to be less representative of the 
population studied and less generalizable. It was thus in the interest of researchers 
in the HTA field and elsewhere to develop mixed methods that take advantage of 
the strengths of the TEQn and TEQl techniques and minimize their weaknesses.  
2.7. Summary of the State of the Art  
Researchers in human factors engineering (or Computer/Human Interaction), who 
focus on innovation and awareness, have made significant contributions to the 
adoption process. They aim to design innovative products and services that 
address the prospective needs, limitations and preferences of users, making these 
products adoptable. They also raise awareness and promote the adoption of such 
innovations in focused communities (O’Mara et al., 2012). However, HFE methods 
hardly consider the adoption beyond the initial ergonomics considerations to 
deliver to the needs and desires of the users.   
The body of research in gerontology has resulted in an in-depth knowledge of the 
effects of aging, which unfolds the pronouncing factors that influence most of the 
elderly’s adoption decision points. This information can shed light on major 
inhibitors that slow down the intention to adopt.  They also the slow process of 
building perceptions about the technology’s ease of use and usefulness throughout 
the process adoption (Silverstone & Haddon, 1996). However, gerontology lacks 
the capacity to draw actionable technical insights to intervene when the elderly do 
not adopt technology.  
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The earlier research on technology adoption has mainly assumed that intention is 
the sole cause of adoption. Hence, it has primarily focused on analyzing the sub-
processes that pertain to the individual’s intention to adopt, ignoring major 
influencing factors from the environment (Bagozzi, 2007; Glanz et al., 2008). Some 
of the research in sociology has led to a more holistic understanding of adoption 
in the context of society and the innovation life cycle (Rogers, 2010; Silverstone & 
Haddon, 1996). However, adoption among the elderly has yet to be fully explored 
at an empirical level by any of these streams of research, suggesting that future 
EHTA research will have to integrate knowledge from all of the abovementioned 
fields of study. This multidisciplinary EHTA modeling has already begun, but there 
is a compelling need for research methods that can provide a systematic approach 
to create successful models in health applications (Bagozzi, 2007; Crosby & Noar, 
2010; Ogden, 2003; Painter et al., 2008; Rothman, 2004).  
This broadening of the search for the most effective research methods that can 
bring the much needed fresh insight has revitalized qualitative techniques. 
However, such efforts are not systematic, and methodological frameworks that 
guide such research are scarce in EHTA. Thus, there is a great need for new 
methods that can provide a systematic way to integrate the applicable theories 
with the specific information of the context under study (Creswell, 2013, chapter 
10), especially in EHTA.  
Given the challenges discussed above, future EHTA modeling methods have to 
meet the following criteria, for them to be successful. 
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1. Grounded: Integrate first hand user data (Phillips & Zhao, 1993) 
2. Holistic: Approach the problem holistically: cover a wide range of factors 
that emerge from the  health context under study (Bagozzi, 2007; Head & 
Noar, 2014; Ogden, 2003; Rothman, 2004) 
3. Flexible: Build flexible models that can be adjusted in response to new input 
(Jetter & Kok, 2014; Kosko, 1988)  
4. Latent Needs: Model latent needs (Phillips & Zhao, 1993) 
5. Visual: Provide cognitively simple visual representation of findings that 
people from different disciplines can comprehend (Creswell, 2013, ch.10) 
6. Scenario Planning: Model and simulate decision scenarios  (Simpson, 
1992) to identify and prioritize alternative decision points based on their 
potential to result in a higher adoption rate (Amer et al., 2013; Glenn & 
Gordon, 2009; Schoemaker, 1991; Simpson, 1992).  
7. Novel Insight: Capacity to provide novel insight in relation to and go 
beyond the predictions of extant theory (Glanz et al., 2008; Head & Noar, 
2014; Ogden, 2003; Rothman, 2004) 
8. Efficiency:  Practical in regards to consideration of monetary and temporal 
resources and constraints (Creswell, 2013, ch.10) 
Table 2 – 3 evaluates each of the aforementioned modeling categories based on 
the criteria set above. The most popular data collection and analysis techniques of 
these categories are listed in the second and third columns. The details of the 







Table 2 - 3 Modeling methods performance based on the set criteria 
 
The following paragraphs explain the evaluation of the three categories of the 
research approach with their most popular techniques (columns 1-3) in the above 
Table 2 - 3. The explanations for the first four criteria (columns 4-7) are grouped 
together because the performance for all these criteria is influenced by the data 
collection method (as listed in column 2). The details for the remaining judgement 
are treated separately for each of the remaining columns (8-11).  
It’s important to note that, the research methods generalized in row 1 through 5 
are generally deployed to conceptualize a reusable model. However, the 
application of IEM methods in HFE (categorized in row 6) does not necessarily 
result in a model. Instead, research that uses these IEM methods intends to find 
very specific information that can be translated into product requirements.  
2.7.1. Grounded, Holistic, Flexible, Latent Needs 
The capacity of each approach to obtain and integrate first-hand data provides the 
opportunity to obtain the much needed information about the drivers and barriers 
of EHTA. Reviewing literature, which is a common practice in the TEQn methods, 
is a great way to obtain information from earlier research in the field. However, this 
information is not first hand and does not necessarily reflect the context under 
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study. Additionally, survey research is bounded by the constructs being measured. 
Hence, the data collected relies primarily on the assumptions made, and doesn’t 
allow for the observation of first hand data. The first popular group of 
Theory_Enquiry_Quan research approaches (row 1 in Table 2 - 3) refers to studies 
that rely on survey data collection and literature review. Therefore, they get a poor 
rating in Table 2 - 3 on the following criteria: grounded, holistic, flexible and latent 
needs. Theory_Enquiry_Quan methods that rely on a longitudinal survey (row 2 in 
Table 2 - 3) gather more in-depth information, as the process of gathering data at 
different points in time allows the researcher to capture the effect of time on the 
EHTA. This provides flexibility and allows more grounded observation of EHTA. 
However, since the participants do not have the freedom to provide the information 
they find important, these methods do not score highly on the “holistic” or “latent 
need” criteria. 
A focus group creates a quick venue for obtaining much information from various 
people at once. However, it has been known to be less effective than approaches 
where data are collected from individuals. Aside from the observer dependency 
issue (obtained result is influenced by the researcher’s understanding of the group 
discussion), the information obtained in the focus group is less than valuable, as 
people often try to agree with other participants and tend to provide pleasing 
opinions (Rushkoff, 2014). In fact, this has led to the abandonment of this data 
collection method in innovative companies like Apple (“Apple’s Ive reveals design 
secrets,” 2009). For these reasons, Theory_Enquiry_Qual methods that rely on 
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focus groups as the primary data collection method (row 4 in Table 2 - 3) do not 
score highly on the following criteria: grounded, holistic, flexible and latent needs. 
Evidently, qualitative interview techniques, such as ethnographic data collection 
and repertory-grid, are effective methods to obtain firsthand information directly 
from observations and open communications that are not framed by prior 
assumptions. This is why qualitative methods are now receiving recognition in 
healthcare research with social and cultural dimensions (Al-Busaidi, 2008; Meyer, 
2000). Qualitative data collection techniques allow participants to freely articulate 
the meaning, experiences and views in relation to the phenomenon studied. Thus 
they may yield previously unknown information. This advantage earns TEQl and 
IEM research approaches that rely on one-on-one interviews (row 5 in Table 2 - 3) 
a high rating on the four criteria (in columns 4-7). In HFE, the more involved 
collaborative methods of user-centered design (UCD) (as detailed in section 2.3.) 
focus on these qualitative data collection techniques. As such, these advantages 
earn Integrative_Enquiry_Mixed-Methods that use such qualitative data collection 
techniques (row 6 in Table 2 - 3) a high rating on these criteria: grounded, holistic, 
flexible and latent needs. 
2.7.2. Visual Display 
One of the most important criteria in the success of a research methods is its ability 
to create visual models (Creswell, 2013). From the ancient anthropological 
discoveries of visual displays on stones and the first visual research by Dr. Snow 
in 1854 to the current body of literature, research has leveraged visual display 
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(Dickinson, 2010). Humans recognize, perceive and evaluate visual information 
more effectively than numbers or words. Visual data deliver immediate and lasting 
impact; they provide an easy flow of information across parallel elements; and they 
can be used to illustrate phenomena (Tukey & others, 1990). The importance of 
visual formalization in research is well recognized (Langley, 1999; A. D. Meyer, 
1991; Miles & Huberman, 1994). Miles & Huberman extensively use diagrams and 
other visual tools to organize and illustrate data and their conceptual interrelations. 
The authors advocate for visual formulization, by stating: “Conceptual frameworks 
are best done graphically, rather than in text or numbers. Having to get the entire 
framework on a single page obliges you to specify the bins that hold the discrete 
phenomena, to map likely relationships, to divide the variables that are 
conceptually or functionally distinct, and to work with all of the information at once” 
(Miles & Huberman, 1994, p. 22).  
As displayed in Table 2 - 3, quantitative methods get high rating in their visual 
display capability, as they are mainly supplementing the visual display of the theory 
that they are expanding. This is not necessarily the case with the qualitative or 
mixed-methods, and their ability to visually display the findings is dependent on 
the research goal and the competency of the research team. In fact, the need for 
equipping mixed-method research approaches with visual display capability is 
highlighted by many scholars, but it has not yet been fully achieved (Dickinson, 
2010). This explains why the TEQn research groups in row 1 and 2 of Table 2 - 3 
has scored high whereas the TEQl (row 3 & 4 in Table 2 - 3) and the IEM methods 
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that rely on interview and survey  (row 5 in Table 2 - 3) have not. In the case of 
HFE IEM methods that rely on UCD method for new product development (row 6 
of Table 2 - 3), the goal of the research is specific to the product being designed. 
This specificity eliminates the need for visualization, which leads to the low rating 
of these research methods in the visual capability criterion.   
2.7.3. Scenario Planning 
As scenario planning is highlighted as an effective heuristic approach in complex 
settings (Amer et al., 2013; Schoemaker, 1991), modeling approaches that allow 
for scenario planning are valuable. The scenario-planning capability of models 
becomes important when models are used as an simulation tool. This is particularly 
important for practitioners in contexts with high uncertainty and an accelerating 
pace of change (Simpson, 1992). Such tools are advocated to be the methods of 
the future because they are able to capture whole ranges of detailed possibilities, 
and allow for simulation of possible situations to support decision making (Kahn et 
al., 1967; Schoemaker, 1995). Although systematic scenario planning approaches 
in both qualitative and quantitative research methods exist (Amer et al., 2013), they 
have not been used in EHTA. Since all these major categories of modeling 
methods have the capacity for scenario planning (even though not applied in 
EHTA), they get a partial rating under the scenario-planning criterion.  
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2.7.4. Novel Insight 
Health scholars are repeatedly highlighting the need for research approaches with 
the capacity to expand extant theory to achieve fresh insights in relation to the 
specific health context under study (Glanz et al., 2008; Head & Noar, 2014; Ogden, 
2003; Rothman, 2004). This is in fact essential in the complex context of EHTA. 
Overall, the quantitative EHTA (and TA in general) body of research has relied on 
framed enquiry techniques, namely survey enquiry. As detailed earlier, since this 
data collection technique is based on measuring the assumed constructs, it is 
limited and provides little freedom for the emergence of new discoveries. As such, 
Theory_Enquiry_Quantitative-Method approaches get a partial rating. Additionally, 
Theory_Enquiry_Qualitative methods that rely on focus group enquiry also get 
partial rating, due to the limiting characteristics of focus groups that were detailed 
earlier. The degree of fresh insights that Integrative_Enquiry_Mixed-Method 
techniques bring is often a function of the depth of enquiry and the intensity of 
analysis. Integrative_Enquiry_Mixed-Method techniques that focus on new 
product development use user-centered design enquiry to gather information that 
is obtained by thorough observation of the user and the environment. Although the 
analysis conducted rarely conceptualizes a model or goes beyond the product at 
hand, the insights gained are very practical and have the potential to be ground-
breaking (Rahimi & Ibarra, 2014). Additionally, the Theory_Enquiry_Qualitative-
Method and Integrative_Enquiry_Mixed-Method techniques that are based on in-
depth enquiry of the elderly, have the potential to unfold hidden factors and other 
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much needed information pertaining to EHTA decision making. For these reasons, 
the performance of the last three groups of techniques is rated highly for this 
criterion.   
2.7.5. Efficiency 
Research projects, like any other endeavors, are subject to constraints with regard 
to available time and money. The performance of a modeling method is rated with 
respect to its efficiency (Creswell, 2013, ch.10; Garmann-Johnsen, 2015). The 
potency of an EHTA model that is conceptualized based on a multi-year full 
ethnography research into the elderly’s lives is evident. However, the combination 
of resource constraints, the speed of innovation and the compelling need to 
understand EHTA requires modeling methods that deliver all the previous 
requirements, as well as taking monetary and temporal constraints into 
consideration. As mentioned earlier, survey enquiry not only provides an efficient 
vehicle to collect information from a very large group of participants; it also makes 
the data analysis very easy because the data have been collected in a very 
organized manner and are ready for analysis.  Given the availability of statistical 
analysis programs and tools, quantitative analysis of survey data is considered the 
easiest and the most readily available research approach. This justifies the high 
rating of the Theory_Enquiry_Quan methods (rows 1 of Table 2 - 3) in the efficiency 
criterion. In comparison, all other methods (rows 2 through 6 in Table 2 - 3) rate 
average because an extended amount of time and resources are needed for data 
collection or analysis. In the case of Theory_Enquiry_Qual methods that solely rely 
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on one-on-one interviews (row 3 of Table 2 - 3), both the data collection and 
analysis require more time. Although such methods are adequate for 
conceptualizing new grounded theories, they are not very efficient for modeling 
research that demands timely empirical results. The rest of the methods (row 4 
through 6 in Table 2 - 3) rate medium on the efficiency scale for the same reasons.  
2.8. Research Gap 
The evaluation of the state of the art in EHTA modeling techniques, which are 
displayed in Table 2-3, shows that there is no EHTA modeling method that 
currently fulfills all eight requirement of EHTA research. This presents a clear 
methodological gap for conducting EHTA research, which this dissertation 





3 Proposed Research Method 
The analysis of enquiry methods in section 2.6 suggests that 
Integrative_Enquiry_Mixed-Method techniques, have the most potential to fulfill 
the requirements for successful modeling of EHTA. This is in line with the emerging 
trend to use mixed-methods approaches for healthcare modeling research. For 
instance, the Agency for Healthcare Research and Quality of U.S. Department of 
Health & Human Services, has started to sponsor many mixed-methods healthcare 
studies (Al-Busaidi, 2008; Curry et al., 2013; Meyer, 2000; Palinkas et al., 2011; 
Zhang & Watanabe-Galloway, 2014) and online webinars to teach how to integrate 
mixed-methods in health services and delivery system research (“Agency for 
Healthcare Research & Quality”, 2014). Additionally, the National Health Plan 
Collaborative (NHPC) in its “Overview of Its Origins, Accomplishments, and 
Lessons Learned” report states: “As the NHPC firms became more sophisticated 
in collecting data, the importance of a mixed-methods approach to data collection 
emerged…” (“Accomplishments on Targeted Activities”, 2009).  I have 
consequently designed a mixed-methods research approach that combines 
ethnographic interview techniques, repertory grid technique and Fuzzy 
Cognitive Mapping (FCM) to contextualize the latest and most relevant 
technology adoption theory (UTAUT) to model EHTA.  
Combining proven methods to achieve objectives is recommended (Stanton et al., 
2004), and the resulting new method benefits from a pilot study that tests the 
validity of the method and the resulting data that it yields. The method proposed 
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here has passed a preliminary test (Appendix B). I followed the proposed research 
method to create an EWHTA model (using RGT and FCM modeling) from a pre-
adoption dataset, and subsequently compared the predictions of the model to 
actual adoption behavior using a post-adoption dataset. The pilot research 
confirmed the validity of the research method, by validating the EWHTA model.  
This dissertation proposes to address methods gap identified in section 2.7 by 
designing a novel method for studying technology adoption in healthcare using 
Fuzzy Cognitive Mapping (FCM). It investigates the validity of this method by 
applying it to model EWHTA of a remote health monitoring technology. The method 
aims to provide a step by step deductive process for capturing knowledge from the 
stakeholders in the form of cognitive maps, and integrate them to a FCM model 
that maps out the adoption landscape among these technology users. Using FCM 
simulation capability, the model will be tested against the initial pre-adoption 
settings and validated by verifying its projected resulting outcome against the 
actual adoption behavior. Should the model be accurate, its empirical usefulness 
will be tested and verified using expert judgements.  
The following six proposed research questions guide this research.  
1. Can the proposed method generate a holistic yet cognitively simple visual 
model that represents users’ mental landscapes and depicts their decision 
making process during health technology adoption? 




3. Can the proposed method using FCM, successfully capture and integrate 
gatekeeper’s influence in the complex healthcare environment? 
4. Can the proposed method both breakdown generalized known TA factors in 
relevance to the context studied, and facilitate the emergence of new key 
concepts relevant to the demographics under study? 
5. Can FCM simulation feature successfully simulate real-world scenarios and 
lead to empirically valuable insights in the context studied? 
6. Can the method have the capability to provide information that is adjusted to 
the dynamic and changing environment and latent needs?  
3.1. Methodological Choices.   
3.1.1. Overall Design 
Prior researchers (David, 2004; Zenobia & Weber, 2012) present four 
methodological choices that a researcher has to make prior to engaging in 
consumer-based technology adoption research. These are: 1) theory first versus 
theory later; 2) process research versus variance research; 3) building theory and 
models in parallel or in; and 4) structural versus behavioral aspects of adoption 
behavior.  This section uses the Zenobia-Weber (2012) framework for making 
methodological choices for the proposed research.  
Theory First (deductive) vs. theory later (inductive): Earlier research (Rahimi 
& Jetter 2015; Rahimi et al., 2016) found that the UTAUT reflects EWHTA and can 
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serve as the theoretical foundation for contextualizing EHTA. This argues for the 
deductive approach.  
Variance vs. Process Models: The focus of this dissertation is to identify detailed 
concepts that influence the elderly’s adoption decision-making and the 
relationships between these concepts.  The process by which the elderly make 
adoption decisions is beyond the scope of this dissertation. Therefore, I am 
pursuing variance research.  
Model Building vs. Theory Building: Given that extant theory (UTAUT) is 
satisfactory, no new theory needs to be built. The proposed research develops an 
empirical model that contextualizes the UTAUT for EHTA to provide actionable 
insight for practitioners. 
Structural vs. Behavioral Aspects of Adoption: The proposed research intends 
to identify the factors that influence decision making in EHTA, as well as how the 
relationships between the factors influence technology adoption behavior. 
Therefore, the model that will result from the proposed research needs to capture 
both the structural and the behavioral aspect of adoption.  
3.1.2. Choices Pertaining to Enquiry and Analysis 
Integrative_Enquiry_Mixed-Method Modeling: IEM methods that yield models 
(row 5 in Table 2 - 3) have the most potential for addressing the eight methods 
requirements identified in section 2.6. Mixed-methods combine the efficiency of 
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both qualitative and quantitative techniques to address the requirements of today’s 
complex contexts (like that of healthcare) (Stanton et al., 2004). 
Table 3 - 1 displays different mixed-method research designs as laid out by 
(Johnson & Onwuegbuzie, 2004; Morse, 1991). The conventions used in the 
figures are as follows: “qual” stands for qualitative; “quan” stands for quantitative; 
"+" stands for concurrent; "" stands for sequential; capital letters denote high 
priority or weight; and lower case letters denote lower priority or weight." 
 
Table 3 - 1 Mixed-method Research Design Matrix 
 
3.1.2.1. Enquiry Approach - Qual  Quan 
The QualQuan approach is best suited for the proposed research because fresh 
insights need to be generated (Bhate 2012, see also section 2.5.3).  
Qual: The enquiry starts with in-depth, qualitative data collection. I am using the 
ethnographic interview method combined with fuzzy cognitive mapping. The 
ethnographic interview (as part of RGT approach here) facilitates the generation 
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of novel insights needed in EWHTA, and FCM serves as the central map that 
captures the mental model. This leads to the discovery of the underlying adoption 
factors and their relationships. Once the integrated model is created, it is judged 
and validated by a panel of gerontechnology and technology adoption experts. 
This process adds a layer of quality assurance to ensure that the simulation model 
is sound in all of the related perspectives. 
Quan: Through second set of one-on-one interviews with the same group of 
participants, the quantitative data collection is conducted. This data collection 
allows the structure of the model to be quantitatively built. The same group of 
participants identifies the degree of influence of each concept on the other 
concepts in the model.  
It’s important to note that the goal of this research method is to generate a decision-
making model that explains the elderly’s adoption decision for a proposed health 
technology. Therefore, the research pursues a marketing research data collection 
approach, i.e. the elderly’s mental model is captured during the pre-adoption of a 
health technology.  
Modeling Method - FCM: The main tool for elicitation and modeling EHTA in this 
research method is Fuzzy Cognitive Mapping (FCM). FCM serves as the central 
tool throughout the entire research process, from qualitative data collection and 
analysis to quantitative data collection and analysis. FCM acts as the bridge 
between the qualitative and quantitative sub-processes of the proposed modeling 
method. It also meets the requirements for a modeling tool that were stated in 
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section 2.6. Finally, FCM serves as both the platform and the end product of the 
EHTA simulation model.  (FCM is described in detail in the next section.) 
3.1.2.2. Analysis - Qual  Quan (FCM):  
Qual: The qualitative data collection and FCM model building happens 
simultaneously. This approach allows for real-time clarification of the respondent’s 
input, in which the modeler gains feedback on whether his/her interpretation of the 
respondent’s input is correct. After the data collection, qualitative analysis is 
conducted (using Atlas.ti 7 (“ATLAS.ti 7 Windows | Qualitative Data Analysis with 
ATLAS.ti”, 2017)) for each interview audio record to find the possible factors and 
relationships that were not captured in the FCM model during the interview. As 
detailed in the research steps in section 3.9, the analysis is similar to the 
techniques of the repertory-grid. The results of the analyses of the individual 
models are subsequently compared to and contrasted with each other, in order to 
extract potentially common themes (concepts and/or links). This endeavor yields 
an ontology list—a list of all the concepts that have been identified and a 
description of their meaning. Using the ontology list, all the FCMs are integrated 
into one. From there, should there be any question or concern raised by the 
judgement of the expert panel, the qualitative analysis is continued to find and 
address these concern(s).  
Quan: The information is analyzed to quantify the degree of influence among the 
concepts. This allows for contextualize the integrated FCM maps to best reflect 
participants’ subjective opinion. The quantitative power of the FCM simulation also 
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enables further analysis and scenario planning (as interpreted by Simpson (1992)) 
to identify technology characteristics that lead to better adoption by the elderly.  
3.1.3. Repertory Grid Technique (RGT) as Data Elicitation Method 
To capture elderly people’s mental model, the required data elicitation method 
need to allow the emergence of novel information. To achieve this, an adaptation 
of Repertory Grid Technique (RGT) is designed. As the overarching design of the 
proposed mixed-method modeling method, the knowledge capture follows the 
guiding principle of the repertory-grid elicitation approach.  
Over the 60 years of development, RGT has evolved from a more rigid method of 
obtaining personal constructs with defined data collection technique followed by 
statistical analysis to study the correlations. RGT has evolved to include more 
diverse and inclusive approaches to extract constructs from people. Some of the 
RGT expansions (which are of interest here) include techniques to aggregate 
expert knowledge (as opposed to the personal constructs) and use “content 
analysis” or “frequency counts” in the analysis phase (as opposed to the original 
statistical analysis) (Boyle, 2005).  
Gaines & Shaw (1993) advocate the use of repertory-grid as a better tool for 
knowledge acquisition, and state: “What differentiates knowledge-based system 
development from conventional system development is the emphasis on in-depth 
understanding and formalization of the relations between the conceptual structures 
underlying expert performance and the computational structures capable of 
emulating that performance.” (Gaines & Shaw, 1993, p. 1). 
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Here, the RGT approach employs ethnographic interview techniques, in order to 
obtain in-depth knowledge from the participants, including elements of the 
adoption process that may not currently be represented in the literature. 
Ethnographic interview formats are a less rigid variant of ethnography (Agar, 1986) 
that allows the interviewer to participate in and steer the conversation, if deemed 
necessary, rather than exclusively taking an observer role (Preissle & Grant, 
2004). Additionally, the simultaneous fuzzy cognitive mapping during the interview, 
allows the important concepts to be mapped for further analysis.  
To maximize the elicitation of important factors from the participants, the data 
(voice recording of the interview) is analyzed using qualitative content analysis 
technique (the RGT analysis) during the qualitative analysis phase of the research. 
The RGT is a technique designed to collect people’s constructs, i.e. what people 
think about a particular topic. It is a grounded theory approach, which means that, 
in a bottom-up approach, the data emerges entirely from the participant. The 
repertory-grid is based on George Kelly's Personal Construct Theory (George 
Kelly, 1955), which posits that people’s opinion of things around them are based 
on a collection of similar and different dimensions (i.e. personal constructs). The 
repertory-grid method is broken down into three stages – observation, emergence 
of the patterns (of similar, different and opposing artifacts); hypothesis and 
formation of constructs. This technique has been deployed in information systems 
to obtain a fresh set of user attributes that act as evaluation criteria to ensure that 
the users’ expectations are met (Whyte & Bytheway, 1996). It is important to note 
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that repertory-grid constitutes various types of techniques that vary in their level of 
rigor. The designed research method in this dissertation uses a less rigorous 
approach of the repertory-grid, which is explained in later sections of this chapter 
(section 3.7.2). 
The repertory-grid is based on the theory of “Personal Construct Psychology”, 
which is based on individual and group psychological and social processes 
(Caputi, et al., 2011). It has been used extensively in psychological knowledge 
acquisition research to model the cognitive processes of human experts. As 
implemented in this dissertation, scholars recommend using concept mapping 
tools such as cognitive mapping in combination with repertory-grid techniques 
(Gaines & Shaw, 1993; Vervoort, 2011).  
3.1.4. Fuzzy Cognitive Mapping 
In this dissertation, FCM will be used as the central modeling method to capture 
and integrate the mental models of the elderly and gatekeepers. The resulting 
aggregated model will support decision makers in planning the technology and the 
adoption process. 
Technology adoption depends on how adopters perceive a situation, such as the 
ease of use of a technology or the likely response by members of their social 
network. To be able to capture perceptions, Fuzzy Cognitive Mapping (Kosko, 
1986) serves as the methodological foundation of this dissertation. 
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3.1.4.1. FCM Background 
A fuzzy cognitive map is a type of cognitive map in which degree of causality is 
indicated by a real number within the range of -1 to +1. It is a form of causal maps 
that depicts the respondents’ subjective knowledge of or beliefs about important 
concepts (nodes), and their causal relationships (links) about a phenomenon under 
study. Concepts are typically represented as oval shapes that contain nouns, while 
the causal links between concepts are represented as arrows that show the 
direction of the causality. In decision-making contexts, the concepts of an FCM 
frequently represent key factors in the decision (here: technology adoption). These 
causal relationships are quantified to display hazy degrees of causality (Kosko, 
1986). FCMs are signed diagraphs that can depict any type of causal map, 
permitting feedback loops, and holds no limitation on graph complexity; hence they 
can be a powerful methodology for modeling complex real-world phenomena that 
involve different groups of stakeholders (Taber, 1991; McNeill, 1994). Moreover, 
the cognitive maps from multiple respondents can easily be aggregated into a 
shared FCM. Although it presents a static picture of the aggregated mental model 
of the participants, an FCM’s quantitative nature provides the opportunity to 
simulate outcomes based on multiple input scenarios (Kosko, 1992). This 
quantification adds computational power to the qualitative nature of the information 
captured in the map. It also allows for the analysis of real world scenarios and for 
the measurement of the model’s outcomes in different potential scenarios, thus 
aiding decision-making (Jetter & Kok, 2014).  
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3.1.4.2. FCM in technology adoption research 
There is a growing body of research that uses Fuzzy Cognitive Mapping (FCM) to 
gather, integrate and display the collective mental landscape of different 
stakeholders. FCM translates this landscape into a simulation model that can 
dynamically test different scenario. This allows us to understand the key factors 
and relationships that need to be addressed, in order to learn the best course of 
action (Jetter, 2006). Since its introduction (Kosko, 1986), the use of FCM has 
gained popularity beyond social and political science. It is used in many fields 
including new product development (Sperry & Jetter, 2009), project management 
(Rodriguez-Repiso, Setchi, & Salmeron, 2007), energy (A. Jetter & Schweinfort, 
2011), economics (Niskanen, 2006) and architecting medical support systems 
(Stylios et al., 2008). 
Despite the capabilities of fuzzy cognitive maps and their growing momentum, they 
have not been used much to study EHTA. Until recently, it remained unclear 
whether FCM can successfully facilitate research in such demanding and involved 
context, and how it can accommodate the changing perceptions of the elderly. It 
was also uncertain as to how FCM could be used to gain a better understanding 
of the phenomena and possibly generate empirical insights. In preparation for this 
dissertation, my colleagues at ETM and I proposed and tested the use of FCM in 
EHTA research (Rahimi et al., 2016). In addition, the pilot study described in 
Appendix B, which demonstrates the use of FCM in EWHTA, has been conducted. 
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These endeavors have proven that FCM can successfully serve as the modeling 
method in EHTA.  
In technology adoption, this type of work has been done in educational (Hossain 
& Brooks, 2008), agricultural (McRoberts et al., 2008), and healthcare 
organizational settings (Khoumbati, Themistocleous, & Irani, 2006). However, 
none of these studies address health technology adoption in the personal realm 
(vs. healthcare or other organizations). Moreover, the studies do not model 
adoption outcomes as an FCM. Instead, they use FCM as a data acquisition tool 
to identify barriers and benefits of the technology that may influence adoption 
without simulating the actual adoption (Stach et al., 2005), or to create inputs for 
the Bass adoption model (Jetter, 2006). Going beyond this state-of-the-art, we 
model how the generally recognized factors for technology adoption (according to 
UTAUT) impact adoption by a specific set of stakeholders in a specific adoption 
setting. The resulting FCM model can be used to simulate which combination of 
factors leads to higher or lower adoption outcomes. These insights help technology 
planners modify product features and roll-out strategies in ways that increase 
adoption.  
 
3.1.4.1. FCM modeling 
Fuzzy Cognitive Maps (Kosko, 1986) are signed directed graphs:  they consist of 
nodes, called "concepts” that are connected through arrows that show the direction 
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of influence between concepts.  A positive (negative) arrow pointing from concept 
A to concept B indicates that concept A causally increases (decreases) concept B.  
Weights can be assigned to reflect the strength of the connections. Concepts are 
typically verbally described and can contain hard-to-quantify concepts, such as 
“usefulness”.   
Structurally, FCMs are digraphs. As such, graph theoretical concepts apply and 
metrics such as density (an index of connectivity), total degree centrality 
(summation of all the concept links) and indegree and outdegree (the direction of 
the arrows) are frequently used (Özesmi & Özesmi, 2004) to describe the overall 
structure of the model, as well as the position of specific concepts in the network. 
A high out-degree (a relatively larger number of inbound arrows than other 
concepts), for example, is assumed to hint at the importance of the concept as an 
influencer/leverage in the system.  
Computationally, FCMs are regarded as a simple form of recursive neural 
networks (Dubois, Prade, & Yager, 2014).  Concepts are equivalent to neurons, 
but other than neurons, they are not either “on” (= 1) or “off” (= 0 or -1), but can 
take states in-between and are therefore “fuzzy”.  Fuzzy concepts are non-linear 
functions that transform the path-weighted activations directed towards them (their 
“causes”) into a value in [0, 1] or [-1; 1].  When a neuron “fires” (i.e., when a concept 
changes its state), it affects all concepts that are causally dependent upon it.  
Depending on the direction and size of this effect, and on the threshold levels of 
the dependent concepts, the affected concepts may subsequently change their 
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state as well, thus activating further concepts within the network.  Because FCMs 
allow feedback loops, newly activated concepts can influence concepts that have 
already been activated before.  As a result, the activation spreads in a non-linear 




As an example, the simple map above displays a simple fuzzy cognitive map of 
three concepts and their causal relations. The causal relations in this map can be 
represented in the adjacency matrix (left section of the Table 3 - 2). In the Figure 
3 - 1, the positive causality between C1 and C2 indicates that increasing C1 results 
in increasing the value of C2; and in the same order the negative causality between 
C1 and C3 means that increasing C1 results in decreasing the value of C3. The 
higher value of causality result in a stronger effect (i.e. the increase of C1 has a 
higher positive impact on C2 than a negative impact on C3). An “n X n” adjacency 
matrix represents the model (n is the number of concepts in the model). The 



















] = [0   1   -0.7] 
Table 3 - 2 Adjacency matrix and calculation 
In the event when C1 is activated, the values of the other concepts is calculated 
by the multiplication of the vector matrix and the adjacency matrix. The resulting 
output vector serves as the input vector for the next iteration, and thus it is 
multiplied with the adjacency matrix again. This process continues until the 
multiplication of the output vector with the adjacency matrix results in a vector that 
is identical to (or less than an epsilon value different than) the output vector of the 
earlier iteration. The output is considered stable at this point. A stop criterion is 
used (e.g. a maximum iteration number), in case the output can’t reach the point 
of stability. Based on the following formula, the value of each concept (in any given 
time) is calculated by the summation of the values of all its influencing concepts 
(Cj(t-1) multiplied by the weight of their influences (Wji):   
𝐶𝑖(𝑡) = 𝑓 ( ∑ 𝑊𝑗𝑖 . 𝐶𝑗(𝑡 − 1))
𝐴𝑙𝑙 𝑗≠ 𝑖
 
Equation 3 - 1 Calculation of the concept values 
 
In the above example, concept 1 is activated and after one iteration the outputs 
are stable, the value of concepts can represent the result of the simulation. 
In Equation 3 - 1 S(x) is a squashing function that brings the concept values back 
to the [-1, 1] range. Commonly used squashing functions (aka threshold functions) 
(as displayed in Equation 3 - 2) such as Bivalent, Trivalent, Sigmoid, and 
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Hyperbolic tangent function restrict the concept states to discrete final states—[0; 
1] or [-1; 0; 1] or to intervals [0;1] or [-1;1]. Bivalent squashing functions (first 
equation in) can represent an increase of a concept, trivalent functions can 
represent an increase or a decrease of a concept and logistic functions can 
represent the degree of an increase or decrease of a concept (Tsadiras, 2008).  
This dissertation uses hyperbolic tangent function as it’s a commonly used logistic 
function. 
Bivalent function:  𝑓(𝑥) = {
    0       𝑓𝑜𝑟 𝑥 ≤ 0
      1        𝑓𝑜𝑟 𝑥 > 0
          
Trivalent function:   𝑓(𝑥) = {
−1      𝑓𝑜𝑟 𝑥 < 0        
    0       𝑓𝑜𝑟 𝑥 = 0            
      1      𝑓𝑜𝑟 𝑥 > 0              
         
Sigmoid function:  𝑓(𝑥) =
1
1+𝑒−𝜆𝑥
            




Equation 3 - 2 Some popular squashing function used in FCM simulation   
𝜆 is a constant that defines the slope. For 𝜆 = 1, the squashing function is almost 
linear, which means that gradual concept changes only have a gradual impact on 
other concepts. Also, inputs in the interval [-1; 1] do not map to outputs in the same 
range but only to approximately 80% of the maximum and minimum values, so that 
final concepts states are never at the extremes. For 𝜆 = 5, hyperbolic tangent 
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approximates a full normalization into the interval [-1; 1] (Bueno & Salmeron, 
2009). 
Concepts that are persistent over multiple iterations (e.g. Technology 
characteristics), rather than one-time shocks to the system (e.g. a terrorist attack), 
are ‘clamped’, which means they are reset to their initial value after each iteration.  
All FCMs have “meta-rules”: several input vectors – so-called input regions – lead 
to the same final system state (Dickerson & Kosko, 1994a).  FCMs with continuous 
concept states, so-called “continuous-state machines” can result in chaotic 
behavior (Dickerson & Kosko, 1994b). FCMs with discrete concept states, so-
called “finite state machines” result in either a fixed state vector or in a limit cycle 
between a number of fixed state vectors (Dickerson & Kosko, 1994b; Stach, 
Kurgan, Pedrycz, & Reformat, 2005). At this point, any new iteration delivers the 
same result as the prior iteration or the difference between the iterations is 
considered negligible because it falls under a predefined threshold for stability, 
epsilon (𝜀). The number of iterations it takes until a stable fixed point or limited 
cycle is reached depends on squashing functions, initial state, and the structure of 
the FCM (Bueno & Salmeron, 2009; Jetter, 2006; Özesmi & Özesmi, 2004; 
Tsadiras, 2008).  The stable end states of concepts cannot be interpreted in 
absolute terms, but only relative to other factors in the system or relative to other 




As the EHTA model is an FCM, the values of all the concepts, whether they are 
set at the input or measured as the output, are normalized to a range from -1 to 1.  
3.2.1. Input Variables 
Earlier research (Rahimi et al., 2016) has shown that the input constructs provided 
by the UTAUT are interrelated. Thus they are not true input variables. The purpose 
of the research is to discover the input variables that explain the main UTAUT 
constructs – usefulness, ease of use, social influence and facilitating conditions. 
Therefore many of the true input variables are unknown.  
Since the model is an FCM, the input variables, just like all other variables, are 
concepts. These concepts emerge entirely from the EHTA context. In essence, an 
important research goal is to discover these input variables/concepts.  
3.2.2. Intermediary Variables  
As suggested by an earlier study (Rahimi et al., 2016), gatekeepers influence all 
the UTAUT input constructs (depicted in Figure 2 - 3). As the research is measuring 
these influences and how they are formed, UTAUT input constructs become the 
intermediary variables of this research.   
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3.2.3. Output Variables 
The output variables are known. They are the intention to adopt and the actual 
adoption. Adoption intention is the propensity to adopt, whereas adoption behavior 
is the probability of the actual adoption of technology.   
3.3. Applicable Research Settings 
The output of this research is a model, which achieves two objectives stated in the 
section 1.2: 1) Identifies the key adoption drivers and obstacles and their relations, 
2) Illustrates how the gatekeeper influences the elderly person’s adoption decision, 
3) Represents adoption drivers and gatekeeper influences on adoption 
quantitatively, and 4) Facilitates exploration of adoption in response to various 
factors through simulation. The model is geared toward explaining consumer 
behavior rather than organizational behavior. Thus, the model is best applied to 
the settings that exhibit the following characteristics.  
1. Environment: Settings within the field of healthcare, which study consumer 
behavior rather than organizational behavior. For example the technology 
adoption of a health technology in an organizational setting is not targeted 
here, i.e. the study of the adoption of a robotic surgical device in the 
operating room is not modeled here.  
2. Technology: Settings in which the consumer has a choice of deciding 
whether to adopt or reject a health care technology or service. For example, 
studying health technology adoption of devices that are mandated and/or 
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administered by healthcare professionals do not constitute the appropriate 
setting here.  
3. Population: Settings in which elderly consumers are faced with the choice 
of adoption. For example, the study of the adoption of activity trackers by 
young athletes is not targeted here.  
3.4. Proposed Research Design - Steps to Conduct the Proposed Research 
The proposed research will result in a methodology that addresses the needs for 
modeling and analyzing complex dynamic environments where the integration of 
various stakeholders and perspectives are demanded. This methodology is 
validated through the development of an empirically-grounded EWHTA model, 
which will be the second contribution of this dissertation. Using FCM as the 
methodological foundation for both extracting and modeling the adoption, the 
proposed method 1) integrates stakeholders’ opinions, 2) triangulates data for 
maximum generalizability, and 3) builds quality control into the model building 
process for validation. 
The method developed in this dissertation contextualizes the UTAUT with respect 
to EHTA. Capturing the influence of gatekeepers becomes a key part of this 
contextualization, because, in EHTA, gatekeepers exert a tremendous influence 
over the elderly.  As a consequence, pairs that consist of an elderly person and a 
gatekeeper constitute the unit of analysis of the proposed research method. 
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As mentioned in the Section 1.1, the concepts that are associated with TA theories 
are too general to be useful in the EHTA context. Making sense of how these 
concepts apply to the phenomena under study warrants highly granular, 
empirically grounded approaches that study specific contexts in depth.  
The research method proposed in this dissertation follows such an approach. It 
handpicks effective techniques in computer-based modeling and qualitative 
research approaches to facilitate modeling of technology adoption for a 
demographic in which agency is important. It uses the ethnographic interview 
method in combination with a light variant of repertory-grid technique to collect in-
depth field data, as well as Fuzzy Cognitive Mapping (FCM) (Kosko, 1986). The 
combination of these techniques constructs the respective mental model of the 
users of technology products who are subjected to significant influence by 
technology gatekeepers. This is followed by quantitative techniques to integrate 
and create the fuzzy cognitive maps to form the technology adoption decision 




Figure 3 - 2 Proposed researh method: Aligning the research method steps with the mixed-




The proposed research follows a mixed-methods design, which is illustrated in 
Figure 3 - 2. The sequential QUAL quan mixed-methods approach has been 
selected for the proposed research because of its potential ability to generate fresh 
insights in the complex EHTA context. The qualitative phase is abbreviated in 
capital letter—QUAL indicating that the qualitative part of the mixed-methods is 
more important than the quantitative part (abbreviated in small letters—quan). Both 
the QUAL and the quan phase of the proposed method contain data collection 
activities that are followed by analysis activities. The dominant QUAL phase 
consists of creating the content of the model by developing causal maps through 
ethnographic interview data elicitation in combination with fuzzy cognitive 
mapping, followed by qualitative analysis that uses a light version of repertory-grid 
techniques. During the subsequent quan phase, the structure of the model is 
created from the second set of interviews from the same group of participants (as 
described in section 3.9). At the end of the quan data collection, the creation of 
EHTA model is complete. The EHTA model is tested internally during the analysis 
portion of the quan phase. 
The research method proposed for this dissertation basically follows the guidelines 
for FCM approaches laid out by Jetter (2006).  It uses FCM’s ability to integrate 
the perspective of the elderly as well as those of their gatekeepers.  In addition, it 
has been adapted to accommodate the highly interdisciplinary nature of the 
proposed research.  
108 
 
Jetter (2006) describes the fuzzy cognitive mapping process in terms of 6 stages: 
Analysis of Objectives and Information Needs (Stage 1); Analysis of Means to Fulfil 
Information Needs (Stage 2); Knowledge Capture (Stage 3); Conceptual and 
Detailed Design of FCM Models (Stages 4 and 5), and Test and Validation (Stage 
6). Figure 3 - 2 illustrates that the first two stages of this process transpire prior to 
any data collection; the remaining stages (3 through 6) are executed in 12 steps. 
Stage 4 and Stage 5 span the analysis portion of the QUAL phase and the data 
collection portion of the quan phase. The final outcome of the proposed research 
is an EHTA simulation model that reflects the collective knowledge of all the 
participants from the QUAL phase and the respondents from the quan phase; it 
takes the form of a fuzzy cognitive map. Using this simulation model comprises the 
final step (13) of the proposed research. Jetter (2006) refers to what are called 
stages here as steps.  This terminology has been changed, in order to avoid 
confusion with the steps that will be undertaken in the proposed research.  
3.4.1. Analysis of Objectives and Information Needs (Stage 1 of FCM Building Process) 
As stated previously (in section 1.2), the objective of this research method is to 
provide a robust technology adoption modeling method among demographic 
groups that rely heavily on gatekeeping for technology adoption. This method 
yields a contextualized model of technology adoption, which serves as a decision 
tool and provides a better understanding of the drivers and obstacles in elderly 
health technology adoption. The model…   
• Identifies the key adoption drivers and obstacles and their relations 
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• Illustrates how the gatekeeper influences the elderly person’s adoption 
decision  
• Represents adoption drivers and gatekeeper influences on adoption 
quantitatively 
• Facilitates exploration of adoption in response to various factors through 
simulation 
3.4.2. Analysis of Means to Fulfil Information Needs (Stage 2 of FCM Building Process) 
3.4.2.1. Identification of Participants  
In this stage, the participants are going to be selected from a variety of people that 
represent the consumer group under study. Since this research captures the 
influence of the gatekeepers on the potential users of the technology (the elderly), 
pairs of elderly and their gatekeepers have been identified as participants. Each 
pair consists of ….   
 One elderly who acts as the potential adopter, and 
 One family member or friend that has been identified by the elderly person. 
This person plays the role of gatekeeper for the elderly woman.  
Identification of participants proceeds according to the principle of diminishing 
returns on learning. Pairs of elderly and gatekeepers are added until no significant 
insights are gained by increasing the sample of participants. According to the 
highly cited RGT paper by Tan and Hunter (2002), “A sample size of 15 to 25 within 
a population will frequently generate sufficient constructs to approximate the 
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“universe of meaning” regarding a given domain of discourse (Dunn et al., 1986; 
Ginsberg, 1989). That is, no new constructs are normally added, even if the sample 
size is increased.” Similarly, consumer market research (Griffin & Hauser, 1993) 
suggests that diminishing returns  on learning should occur after interviewing from 
10 to 30 participants.   
3.4.2.2. Methods Selection for Knowledge Capture 
Since earlier sections contain detail information about different knowledge capture 
techniques, this sections describes the techniques used, and explains how the 
knowledge is captured in the proposed research method.  
During the first phase of the enquiry--the qualitative phase (Steps 1 through 10 in 
Fig. 8), the knowledge captured from the participants creates the content of the 
mental map that is the basis for creating the simulation model. During the second 
phase of enquiry—the quantitative phase (Step 11 through 12 in Fig. 8)—the 
knowledge captured from the participants creates the structure of the mental map, 
which reflects the degree of influence of the concepts in the model. The methods 
for knowledge capture are selected accordingly.  
3.4.2.2.1. QUAL Knowledge Capture– Repertory Grid (RGT)  
A knowledge capture method that facilitates FCM modeling is designed here based 
on the overarching Repertory Grid Technique (RGT) procedure. This procedure 
covers QUAL data collection and analysis. By executing the RGT explained here 
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(i.e. the QUAL part of the mixed-method research approach), the content building 
part of the Fuzzy Cognitive Mapping is conducted.  
It’s important to highlight some of the dissimilarities between the approach 
designed here and the typical RGT: 
1. RGT traditionally extracts constructs and their correlations; here the primary 
interest of knowledge capture is to find the constructs and their causal 
relations. So, traditionally the ratings provided by the participants create a 
base for correlation study, but the rating provided here is aggregated to 
show the degree of influence between the constructs.  
2. As originated by the George Kelly's Personal Construct Theory (George 
Kelly, 1955), the typical RGT extracts “personal construct”. Here, the RGT 
approach aggregates participants’ constructs to construct "common grids" 
to study the elderly population. Hence, we cannot call the resulting 
constructs "personal constructs" anymore. The aggregating approach 
already exists in RGT (“Repertory Grid Technique”, 2003).  
3. The original RGT includes statistical analysis such as cluster analysis. The 
later methods include approaches that replace statistical analysis with a 
variety of techniques including frequency counting or content analysis. 
While these approaches are widely accepted today, it is worth noting that 
the approach designed in this dissertation uses content analysis (as 
opposed to the original popular statistical analysis).  
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As the overarching procedure for the knowledge capture of the proposed mixed-
method modeling method, knowledge capture follows the guiding principle of the 
repertory-grid elicitation approach. This includes both the QUAL data collection 
and analysis as detailed here. The four phases of the RGT procedure designed 
here are explained and mapped to the research method as described below. 
Phase I – Element Selection 
The designed approach in this dissertation uses fixed elements, as suggested by 
extensive prior research (Rahimi & Jetter, 2015; Rahimi et al., 2016). In the 
traditional RGT, participants identify both elements and constructs. However, since 
UTAUT has proven to provide the appropriate elements for the study of EHTA, its 
constructs (as depicted in Figure 3 - 3) are the elements under study here.  
Phase I is conducted in step 1 of research design, when participants are introduced 
to the elements as proposed in UTAUT (as explained in section 3.4.3—Knowledge 
Capture (Stage 3)). Since concepts (i.e. the nodes) represent these elements and 
all other factors derived from the research, from here on, these elements are called 
as concepts.  
Phase II – Construct Elicitation 
In this phase, using the ethnographic interview technique, participants are asked 
predesigned open-ended questions to provide their constructs (again: concepts). 
This is step 2 in the research steps (section 3.4.3.), when participants are probed 
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to freely provide constructs about the fixed elements, while the researcher is 
simultaneously capturing them in her cognitive map.  
Phase III – Rating 
To measure the initial participants’ perception of the technology under study, 
participants rate all the elements (here UTAUT constructs) in a rating grid (in the 
pilot study, this takes the form of Table B - 7). The rating of prospective product 
under evaluation will be based on a 5-point Likert scale. For example, the 
participants will be asked to rate the technology’s ease of use, usefulness, etc. 
This inquiry is made during the same ethnographic interview. This is step 3 of the 
research steps (section 3.4.3.).  
Phase IV – Analysis 
This phase (steps 6 - 10 in section 3.4.4.) facilitates the augmentation and 
integration of the cognitive maps (the content) using the repertory-grid technique. 
As Boyle (2005) states, content analysis can be used in RGT to analyze the 
individual grids. The content analysis approach conceptualized here, uses deep 
qualitative analysis (aka the grounded theory coding approach) technique to 
extract and aggregate constructs (i.e. map concepts) using Atlas.ti Software, as 
explained below.  
First, for each participant, the voice recording of her interview is imported in Atlas.ti, 
listened to and coded. The initial coding could be based on a single phrase, a 
sentence, or many sentences.  
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Second, once the initial coding is completed, those codes are analyzed, followed 
by the creation of code families that collect and group the similar codes together. 
As such, the initial codes are assigned to the code families that best represent and 
generalize the initial codes’ contents. This step is completed when all the initial 
codes have been assigned to a code family. These code families were synthesized 
from individual maps. So, new code families are only created when all the existing 
code families in that project fail to generalize the new code meaning.  
Third, the concepts in the initial cognitive map of the participant are compared and 
contrasted with the code families, and the code families that are missing from the 
map are added. This action is followed by adding incoming and outgoing links for 
the new map concepts by reanalyzing the content (interview record). 
Fourth, as the above three steps are conducted for all participants (elderly women 
and the gatekeepers), the code families become the standardized concepts that 
collect and group the participants’ concepts. At the end, the code families make up 
the standardized concepts of the ontology list.  
Fifth, all the participants’ cognitive maps are standardized (i.e. the concepts are 
replaced by their standardized concept representatives).  
This process is detailed in future sections. In a nutshell, a parking lot map is 
created and gradually completed during the qualitative analysis, where new 
concepts and relationships are incrementally added to the map. Upon the 
completion of the qualitative analysis, the parking lot map contains all the concepts 
and relationships. It is used as a model to standardize each E pair map (the map 
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containing the cumulative learning of the E and the E’s gatekeeper). Each map is 
standardized by replacing each of its concepts by its corresponding concept from 
the parking lot map. Should there be links in the E’s map that do not exist in the 
parking lot map, they are analyzed and added to the parking lot map. This process 
results in the E’s pair map containing the same concepts and links that are 
contained in the parking lot map or a subset thereof.  
Six, All the standardized maps are integrated to represent the base of the 
simulation model.  
This is done by first expanding all the adjacency matrices of the E’s pair maps, so 
that they contain the same concepts as the parking lot map, and they are denoted 
in the same order, (i.e. Ci is the same concept across all the maps). Naturally, the 
concepts that were newly added to these maps (from the parking lot map) have no 
links; in other words, the maps’ adjacency matrices contain zero values in the rows 
and columns of these concepts. Once all the E pair maps are standardized, a 
simple matrix addition of their adjacency matrices represents the base of the 
integrated FCM model.  
3.4.2.2.2. quan Data Collection – Walk-through Survey  
As earlier sections have provided a detail analysis of means to fulfill information 
needs, this section explains how the selected method is going to be used in this 
part of the proposed research method.  
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Once the content of the model has been built, the research method facilitates the 
creation of the model’s structure (quantified degree of influence among concepts) 
using a second set of one-on-one interviews. This step corresponds to step 11 of 
the research method in section 3.4.4. It is conducted as follows: 
First, the model is broken down to sections (e.g. 1- everything related to 
“Performance Expectancy” construct, etc.), and explained to the elderly in a 
cognitively simple narrative.  
Second, the elderly is asked to identify the degree of strength of the causal 
relationship (influence in the output construct of the relationship) using the simple 
5-point Likert scale, the elderly is then asked to assign the weight as they see 
appropriate.  
Questions such as the following will be asked to guide the inquiry: 
1. The model says there is a link between ___ (all the input concepts to Ci) and 
___(Ci).   
2. Can you identify how much each of these concepts contribute to Ci? (the 
incoming links to each concept) 
3. How strong is the influence? Please pick one of the following numbers (5-point 
Likert scale).  
1 implies “The strongest“,  
0.75 implies “Very strong“,  
0.5 implies “Somewhat strong“ 
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0.25 implies “Not very strong“  
0 implies “Not strong at all“ 
“I don’t know”; (alternatively, they can chose not to answer) 
As explained in step 11 (in section 3.4.4.), the edge weight of each link is calculated 
based on the average value of the edge weights identified by all the participants 
for that link, unless they are contradictory. The responses are considered 
contradictory, if participants selected degrees of contributions that exceed 3 on the 
Likert scale. For example, if elderlyi say conceptk has no influence on conceptl (0 
edge weight) and elderlyj say the influence of conceptk on conceptl is very 
strong/important (.75 edge weight) then the evaluation has to be studied. The study 
leads to potential two outcome: 
- The two elderly (or more) agree on one or two (or more) close levels of 
contributions that do not differ more than 3 levels of Likert scale.  
- The two elderly (or more) still confirm that their judgement were accurate 
and can’t be changed, which in this case, these maps are studied to identify 
the clusters of similar maps (maps with similar edge weights). These 
clusters of similar maps are then calculated (using the same averaging 
formula) to separate models that each reflect the group of elderly people 
that agree on their judged edge weights.   
Once the content and the structure of the model have been built, the integrated 
FCM model is ready to be tested and validated (detailed in section 3.4.5.). Upon 
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successful evaluation, the integrated FCM model is ready for use as the support 
model for EHTA decisions. Evidently, FCM serves as a bridge between qualitative 
and quantitative parts of the research. FCM simulation power allows for scenario 
planning and interpret how they make adoption decisions. This will also support 
the identification of decision alternative(s) that lead to successful adoption. 
The RGT approach combined with FCM model building proposed above has been 
pre-tested in the pilot study (described in Appendix B), as well as in an earlier 
publication (Rahimi et al., 2016).   
3.4.3. Knowledge Capture (Stage 3 of FCM Building Process) 
The proposed research captures the collective knowledge of elderly women and 
their gatekeepers. For this reason, knowledge capture requires sequential 
integration of the knowledge of the individual participants. Since the participants in 
this research are mainly elderly with limited ability to create cognitive models, the 
modeler interviews the participants and creates cognitive maps simultaneously. 
(This would be the option 4 in Table 2 of (Jetter, 2006)—alternative approaches to 
knowledge capture).  
As the overarching QUAL design of the proposed mixed-method modeling method, 
knowledge capture follows the guiding principle of repertory-grid elicitation 
approach. Hence, the interview questions elicit information about four aspects of 
technology adoption: 1) health technology adoption decision-making (the topic), 2) 
the health technology being studied (the elements), 3) interpretation of the UTAUT 
constructs and how their perceptions are formed, i.e. concepts influencing the 
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formation of those constructs (the set of constructs), and 4) the ratings of the health 
technology per each UTAUT construct (a set of ratings of elements on constructs). 
It is important to describe some of the different but overlapping terminologies that 
are used interchangeably in the qualitative data collection and analysis (in the 
following 13 steps on how to apply the proposed research method). The logic 
behind this way of explaining the research process is to create a bridge between 
the terminologies of the different techniques/tools that are used. The proposed 
research method deploys the repertory grid technique to construct fuzzy cognitive 
mapping models with Atlas.ti. The output of the QUAL phase is a cognitive map 
model. However, terminology from all three constituent techniques of the mixed 
method is used interchangeably:  
a) FCM Terminology: Concept and link, as defined in detail in section 3.1.4.  
b) Repertory Grid Terminology: Construct and Element defined in section 3.1.3 
and the sections that follow. The constructs here are the UTAUT main 
constructs. However, since the model is an FCM map, they are also 
represented by FCM concepts. The element is the health technology under 
study. The case study studies RHMT activity tracker wearables.  
c) Qualitative Research and Atlas.ti Terminologies: Open codes and Code 
family, which are used mainly in the qualitative phases of the research steps 
in Atlas.ti. Open Coding is the first step in capturing the FCM concepts, in 
which the words/sentences/paragraphs of an interview audio recording are 
marked in Atlast.ti to label a piece of information. The open code could 1) 
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create a new concept, 2) add to the ‘grounded’ factor of an existing concept, 
3) create a new link between existing concepts, or 4) create both new 
concepts and links. A code family is a special code that is created in Atlas.ti 
to group existing open codes. The purpose of each code family in this 
research method (as created in Atlas.ti) is to create a concept that captures 
the underlying factor of one or many open codes that refer to one or more 
related FCM concepts. As a result, each code family represents one or more 
FCM concepts that will be added to the research model.   
 
 
Figure 3 - 3 UTAUT as base cognitive model  
 
Knowledge capture involves the execution of the following five steps (the 
ethnographic interview). 
1. Theory Validation: Participants verify the validity of the UTAUT (depicted in 
Figure 3 – 3) in their adoption. Each participant is asked to subjectively confirm 
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or object to the proposition that the main constructs of UTAUT are important 
and in fact influence the participant’s technology adoption decision.  
2. Elderly Knowledge Capture:  Using predesigned, probing, open-ended 
questions, the participant is then asked to explain and help to develop the left 
side of the verified UTAUT. The researcher (i.e. the modeler) develops the 
basic cognitive model by expanding the UTAUT constructs (in Figure 3 - 3). 
This model is actively expanded to include the novel concepts that the 
participant prompts. Then, the links that depict the influence of these novel 
concepts on each other and on UTAUT factors are added.  
3. Baseline tech perspective collection: The information about the participant’s 
perception of the UTAUT’s main constructs are gathered, as they pertain to 
prospective product under evaluation. This step is itemized to describe that the 
perceptions about the quality of the wearable device are gathered during the 
interview. However, this information is gathered throughout the qualitative data 
collection and analysis. Some of this information is captured in the initial 
cognitive map of the participant that is created during the interview and some 
of those are gathered later during the analysis. All the information gathered is 
captured in a separate file (elderly profile) for later evaluation of the model.    
4. Gatekeeper knowledge capture: Next, the participant’s gatekeeper, who is 
identified by the participant as the main technology influencer, is interviewed. 
This ethnographic interview also results in a basic cognitive map, which is 
created in a manner similar to the one described in step 1 and 2. However, this 
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map captures the gatekeeper’s perspective of how different drivers and 
obstacles influenc the elderly’s decision during the adoption. This results in 
another mental model (cognitive map) of the elderly person as viewed from the 
perspective of the gatekeeper.  
5. Repeat elderly women & gatekeeper pair knowledge capture: The interview 
of the participant-gatekeeper pairs continues until incremental learning reaches 
diminishing returns.  
3.4.4. Conceptual and Detailed Design of FCM Models (Stage 4 and 5 of FCM Building 
Process) 
During the steps described in this section, all cognitive maps are augmented by 
qualitative analysis. The qualitative analysis follows a light version of repertory-grid 
analysis, as detailed below. Additionally, the analysis results in the models 
becoming standardized by developing an ontology list—a list of concepts that 
emerges from the initial models and the findings of the qualitative analysis of the 
repertory-grid. This process comprises a crucial stage in the integration of all 
hitherto generated cognitive models.  
6. Repertory Grid Analysis: This step maximizes cognitive representation of the 
interviewee’s mental model on the initial map, which resulted from each 
repertory-grid interview in steps 1 and 2. As such, during the analysis, the 
information from each elderly woman participant and her gatekeeper (the two 
interview recordings and maps) are studied and combined to form the 
augmented cognitive map for each pair. This map is qualitatively analyzed and 
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updated using the recorded field data gathered in steps 1 through 3. This 
analysis is conducted using Atlas.ti 7 software (“ATLAS.ti 7 Windows | 
Qualitative Data Analysis with ATLAS.ti”, 2017). The researcher analyzes the 
audio recording of each interview and augments the elderly woman’s cognitive 
model using the repertory-grid technique to collect the elderly woman’s 
constructs. The researcher subsequently analyzes the interview with the 
gatekeeper, and the findings of this analysis are added to the elderly woman’s 
cognitive map. The addition of gatekeeper’s perceptions occur in a rather 
lengthy process. During this aggregation of the two perspectives, the following 
three situations can happen. They are listed in order of their likelihood of 
occurrence: 
a. Usually, the gatekeeper’s perception brings a new perspective to 
understanding her elderly’s decision-making process, and it provides new 
evidence that can lead to new concepts and/or links. These are captured 
by open codes that later contribute to the creation of code families and 
links.  
b. Often, the gatekeeper’s perception only confirms and provides more 
evidence to an existing concept or link. This is sometimes captured in the 
same open code, meaning that during the coding of this perspective the 
existing code was selected as opposed to creating new one (Atlas.ti shows 
this by increasing the open code ‘grounded’ factor). When no apparent 
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existing code is immediately found, a new open code is created, but later 
it is merged during this integration process.   
c. Sometimes, the gatekeeper’s perceptions contradict those expressed by 
the elderly. Such opposing evidence is resolved through further 
investigation. The original cognitive maps and, more importantly, the two 
interview audio records are analyzed to resolve the discrepancies7.  
The resulting integrated cognitive map contains new concepts and 
relationships--it embodies all the constructs and relations identified by the 
participant pair (from both the interview records and their initial cognitive maps).  
7. Content Building & Inter-map Analysis: All maps subsequently go through 
iterations of inter-map analysis, a process that merges similar concepts and 
themes through incremental analysis. This process consists of the following 
steps. Related codes are grouped into more generalized, integrated codes, 
which are more abstract (each integrated code is represented by a code family 
in Atlas.ti). Next, each integrated code is analyzed to ensure that it represents 
all the open codes that convey the same meaning. A new, more generalized 
concept is created for every group of open codes that convey the accumulative 
                                                 
7 The later pilot study and the case study show instances in which the elderlies were too proud to 
state or accept the existences of some of the drivers or obstacles of the adoption. These factors 
were often revealed by the gatekeepers and later were confirmed during the quan data collection 
when the elderly had the chance to judge the degree of the influences. 
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meaning. The original open codes are analyzed continuously to ensure that the 
generalized concept captures the meaning of the original codes successfully.  
The concepts in each original cognitive map (generated in step 2) are 
compared with the new concepts (created above). All the original concepts are 
compared with the generalized concept and modified, if needed. In this process 
some new concepts are created, and some concepts are merged, in order for 
the granularity to become consistent. Merged concepts also have to be directly 
relatable to the research questions.  
To generalize the models, the specific information related to the elderly 
participants’ situations is extracted from the initial models and placed in the 
baseline file created in step 3 (The profiles shown in Appendix H are examples 
of such baseline files). This information includes information about the elderly 
states and traits such as how isolated (s)he is, how technology savvy the 
gatekeeper is, or what the elderly’s attitude toward technology is. The 
participant’s profile also provides information regarding some of the typical 
expected behaviors of the cohort being studied. Such information is used to 
evaluate the resulting model(s) to test whether the simulation model(s) show 
the same behavior. This is further described in step 12 of the research method 
in Behavior Reproduction Test.  
8. Standardization across maps: At the end of this process, once all the 
cognitive maps have been analyzed and the creation of concepts and links is 
complete, the exhaustive list of these common concepts forms the list of 
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standardized concepts. Then all the maps are standardized by replacing their 
concepts by their corresponding standardized representatives. The exhaustive 
list of these standardized concepts with their definitions make up the content of 
so called ontology list or codebook, two terms that are used interchangeably in 
this dissertation. An ontology list or codebook is defined in computer science 
as a formal source for naming and defining a set of entities in a particular 
domain. In the context of the proposed research method, the ontology list or 
the codebook contains all the standardized concepts and their definitions. For 
example, the ‘ontology list’/codebook that emerged from the pilot study is 
depicted in Table B – 1 in Appendix B and the one that emerged from the case 
study is listed in Appendix G.  
9. Identify & Close gaps: Any potential gap in the way information is captured is 
investigated to enhance the quality of the model. These include: 
a) The model needs to be studied to ensure that the concepts and links 
operate in a comparable temporal scale. This ensures realistic behavior 
(for example, an influence that takes a long time does not take affect at the 
same time as an influence that happens very fast). Should such situation 
occur, measures need to be taken to resolve such temporal disparity.   
b) The concepts and links are represented in a relatively similar degree of 
granularity. This avoids overly detailed paths and ensures that the 
influences of some concepts are not exaggerated, and as a result, the 
behavior of the model is not skewed. Should such situation occur (e.g. 
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elderly has provided much details about a particular concept), either the 
detailed concepts could be merged or other concepts could be dissected 
to match the granularity of other concepts.  
c) The accumulated analysis of the cohort studied results in a comprehensive 
map of concepts and relationships. However, the map has to be studied to 
make sure common concepts and links, which have not been captured, but 
need to be added, are added. For example, some obvious input concepts 
and their links could have been missed in the research (i.e. the information 
received from the participants didn’t provide any information about those 
concepts). Such concepts are added, in order to make the model more 
holistic.  
10. Integration of all the standardized maps: The augmented maps that results 
from earlier steps are merged in an integrated map, Mapint. This merged map 
contains the collective knowledge of all elderly participants and their 
gatekeepers which provides a more holistic mental model of the elderly person 
during technology adoption decision making, which includes influence of the 
gatekeeper(s).  
The resulting model highlights the critical drivers and barriers of the technology 
adoption and how these factors influence each other. The integrated model 
(Mapint) is a model of the elderly’s adoption process, which is based on two 
data sources (elderly and gatekeeper). It shows how gatekeepers influence 
such key drivers and barriers.  
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11. Model Structure building follows. In this step, the researcher gathers 
information pertaining to the degree of influence of each concept on other 
concepts. This step is the quantitative data collection phase of the research. 
To do this, the same groups of elderly persons who participated in the QUAL 
data collection are interviewed again. They are asked to subjectively validate 
the significance of the concepts and assign their influence on the other 
concepts using a 5-point Likert scale [0, 0.25, 0.5, 0.75, 1] (the respondents 
can refuse to provide a value for an edge weight of which they are unsure). The 
statements associated with the scales in the descending order are: Most 
important, Very important, Somewhat important, Slightly important, and Not 
important at all. While the choices state “important” for simplicity, the goal is to 
capture the strength of the edge weights and during the walkthrough the 
“strength” is emphasized. The valence of the links has been established in the 
earlier steps. The participant (after confirming the link and its valence) provides 
the magnitude of the influence. Since FCM edge weights inherently range from 
-1 to 1, so will the Likert scale. This means that the values range from -1 to +1 
in increments of 0.25. Therefore, the possible edge weights are: -1, -0.75, -0.5, 
-0.25, 0, 0.25, 0.5, 0.75, 1. If R respondents8 provide the edge weights for every 
causal link of the integrated model, Mapint, then the following formula calculates 
                                                 
8 R is ideally the same as number of participants, but if some of the participants don’t 
take part in this second interview, then R will be less than the number of participants. 
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the collective value of each edge weight (Li). The formula simply averages all 







   
Equation 3 - 1 Edge weights calculation 
where  
𝑅𝑖
′ is number of participants that didn’t provide edge weight for the ith link 
R is total number of respondents  
𝐿𝑖 is the edge weight of the ith link 
Once all the links of Mapint are assigned with their corresponding calculated 
edge weights, the Mapint becomes the fuzzy cognitive map, FCMint.  
3.4.5. Test and Evaluation (Stage 6 of FCM Building Process) 
During the process of quan data collection, the structure of the integrated model is 
evaluated by the participants when they are asked to identify the strength of the 
influence of each concept on another. For each edge weight, the degree of those 
influence are elicited, once the influence is confirmed. The structure of the 
integrated model is generated from the collective of the participants.   
As Sterman states (Sterman, 2000), system models cannot be validated as they 
are all wrong, however their usefulness can be evaluated based on their purpose. 
Usefulness requires that the model adequately reflect what is known about the 
real-world system’s structure and behavior. Accordingly, the integrated FCM 
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model from the steps above (FCMint) needs to be tested based on the relevant 
criteria in system dynamics (Sterman, 2000). In addition, any potential discrepancy 
is investigated, and corrective actions are taken.  
12. Model Evaluation of the integrated FCM (FCMint) is conducted based on the 
following activities.  
1. Extreme Condition Tests: Models need to be robust in extreme conditions, 
in that under extreme conditions the models need to behave realistically 
(Sterman, 2000, page 869). For example, when participant perceives the 
technology to be not useful and not easy to use, the model can never 
suggest a possible adoption.  
2. Behavior Reproduction Tests: Model should behave as expected. These 
tests can be conducted through various techniques including statistical 
testing. The mixed-method research design in this dissertation takes 
advantage of qualitative analysis of various participants within the elderly 
population. This qualitative analysis highlights the typical successful and 
unsuccessful EHTA scenarios that can be used to verify whether the model 
produces those expected behaviors.  
3. Sensitivity Analysis: checks whether the model’s conclusion change 
significantly when the assumptions varies in the possible range of 
uncertainty (Sterman, 2000, page 883). From the three types of numerical, 
behavior mode and policy sensitivity, the “behavior mode” is the relevant 
one to test EHTA models. For example, when comparing different activity 
131 
 
trackers, it would be important to test how much the model behavior 
changes when the products features varies within the plausible range. Such 
simulations should not simply state the obvious. They should provide useful 
information that offer information about policy sensitivity or decision 
relevance. In other words, a model that correctly describes real-world 
behavior, but does not necessarily help with better decision-making 
because it cannot differentiate between different options, is correct but 
useless. 
The successful validation process as described above results in FCMint becoming 
the EHTA simulation model, FCMIm.  
13. FCM simulation model is ready to be used. The model can help practitioners 
to better interpret and understand the dynamics of the context under study. This 
better informs the best course of action that leads to better health technology 
adoption among the elderly women. For instance, different scenarios can be 
tested through simulation to identify and prioritize the characteristics of the 
technology group under study that lead to better adoption among the consumer 
demographic in focused, i.e. the elderly. Additionally, the model can provide 
insight to practitioners through the simulation of what-if questions. For example, 
simulating different marketing or technology rollout strategy scenarios can 
provide explanations as to what can be done to support better adoption. 
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4 Overview of Pilot Study  
A pilot study, which followed the guidelines established in chapter 3, was 
conducted to test the research approach that was proposed in chapter 3. The pilot 
study steps were a subset of the research method as illustrated in Figure 4 - 1. 
While this research is different from the main case study to research EWHTA, the 
information of this research has been used in the case study as will be further 
described in chapter 5 and 6. This chapter provides a summary of and Appendix 
B provides details of the pilot study.   
4.1. Design of Pilot Study  
Longitudinal studies complement the validity of retrospective studies (Leonard-
Barton, 1990). They can generate insights into the antecedents and consequences 
of adoption. For example, a longitudinal study can validate whether the insights of 
a simulation model reflect the real outcome of the scenarios that the model 
predicts. Thus, in contrast to what is proposed in chapter 3, the pilot study is 
longitudinal. A post-adoption data collection step was added to the pilot study, in 
order to test whether the proposed research method yields models that correctly 
predict actual adoption behavior. 
The variables used in the pilot study align with the measures described in section 
3.2. However, arguments made in section 1.3 suggest that new input variables and 
intermediate variables may be discovered as a consequence of conducting the 











































2. Elderly knowledge capture 
(Repertory-grid + Fuzzy Cognitive 
mapping) 
3. Baseline tech perspective collection
4. Gatekeeper knowledge capture 
(Repertory-grid + Cognitive mapping)
5. Repeat knowledge capture 























































6. Repertory-grid (using Atlas-Ti)
7. Content & structure building &
standardization across maps
8. Integrate maps of each pair 
(Mapmerged FCMmerged /pair is created)
9. Inter-group analysis 
10. Integration of all the FCMs












12. Internal validation of FCMint
(against initial Mapmergeds)
13. Expert Validation 



















11. Model structure building 
(Mapint FCMint)



























































































4.2. Setting of Pilot Study  
The output of my dissertation research is a model which achieves the two 
objectives stated in section 1.2.:  
 Identifies the key adoption drivers and obstacles and their relations 
 Illustrates how the gatekeeper influences the elderly person’s adoption 
decision  
The pilot study was geared toward achieving these objectives. Thus, it should yield 
a model that is best applied to a setting that meets the criteria described in section 
3.3.  The setting of the pilot study, which is described below, meets these criteria.  
1. Environment: The pilot study was set within the field of healthcare; it 
researched consumer behavior rather than organizational behavior. It 
investigated the potential adoption of a fall detector prototype called the 
EverWrist. (For a more detailed description of the EverWrist, please see 
sections 5.2 and appendix B.)  
2. Technology:  The consumer has a choice of deciding whether to adopt or 
reject the EverWrist, a health care technology/ service.  
3. Population: The respondents consisted of two pairs of elderly women and 
their gatekeepers.  Elderly women were chosen over elderly men because 
elderly women represent the majority of the elderly population (as 
suggested at the end of section 1.1). Thus, the pilot study tests the research 
method described in chapter 3 in the context of EWHTA.  
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The pilot study was conducted in collaboration with Oregon Center for Aging and 
Technology (ORCATECH), an organization that researches the clinical 
implications of technologies for the aging population and regularly conducts field 
tests of RHMT products. ORCATECH is an internationally reputable, multi-
disciplinary organization within Oregon Health and Science University (OHSU). 
ORCATECH is dedicated to the development and implementation of technologies 
that help the elderly lead safer and more independent lives. In addition to clinical 
research, ORCATECH partners with a wide range of industries to consult, develop 
and implement elderly health technologies. ORCATECH is responsible for the Life 
Laboratory (Life Lab), which ORCATECH describes as follows: 
“The ORCATECH Life Laboratory is a resource used to explore 
technologies to support independent living, to assess new behavioral 
markers, and to evaluate approaches for assessing neurological and 
other relevant health changes, all in the participant’s home. The Life 
Lab consists of a population of community-dwelling individuals who 
have agreed to participate on an ongoing basis in research on 
technology-based health monitoring, intervention, and support of 
independent aging. Members of the Life Lab have the ORCATECH 
platform installed in their home and participate in studies ranging 
from new technology testing to longitudinal behavioral research.” 
(“Life Lab”, 2017)  
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The Life Lab served as an ideal setting for studying the adoption of health care 
technology by the elderly. ORCHATECH provides the Life Lab with the expertise 
in gerontology and access to the technology under study. Life Lab members serve 
as participants in the research. They make autonomous decisions on whether to 
adopt consumer health care technology or not.  
ORCHATECH’s field test schedule for the EverWrist determined the timing of the 
pilot study because recruitment of elderly/gatekeeper pairs depended on the 
willingness, availability and ability of elderly women from the respective 
ORCHATECH cohorts to participate in this research. The EverWrist field test was 
conducted from March to June 2016, and therefore so was the pilot study.  
4.3. Findings of Pilot Study 
The pilot study successfully validated the proposed research method by creating 
an EWHTA model that successfully predicted the adoption of the participants 
under study. The pilot research confirmed the validity of the research method, by 
validating the EWHTA model. The post-adoption data collection step that was 
added to the pilot study compared the model prediction to the actual adoption 
behavior. The model predicted that both the participants would not adopt the 
technology with the current characteristics (i.e. output variables of the model—
adoption intention and adoption were both negative). The post-adoption data 
collection that was conducted after trial confirmed that both elderly women did not 
adopt the technology. Thus, the contextualized EWHTA model was successfully 
137 
 
validated. Since the research method resulted in a valid model, the research 
method was validated in the EWHTA context. 
The pilot research validated the proposed research modeling method as follows: 
1) The critical importance of the gatekeeper in EWHTA became very clear. 
Evidently, the gatekeeper exerts significant influence over the input 
constructs of the UTAUT.  
2) The basic model-building steps from section 3.4 were validated. In 
particular, the pilot study implied that the elderly woman and her gatekeeper 
should be analyzed together. Thus EWHTA research has to focus on the 
elderly-gatekeeper pair (as opposed to elderly woman by herself).  
3) The pilot research resulted in an integrated FCM model that not only 
integrated decision making by the elderly; it also captures how her 
gatekeeper influences all the constructs of the adoption. This suggests that 
FCMs should be an important component of the proposed research.  
4) The integrated FCM served as the simulation model. Its forecasting power 
was validated in a post-trial enquiry. The actual adoption behavior agreed 
with the adoption behavior predicted by the model. 
Conducting the pilot study also resulted in several lessons learned that will be used 
in subsequent research (chapter 5). They include… 
1. Organization: There are numerous files (both in electronic and in paper 
format) created from each step of the research. Subsequent research will 
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benefit from a proper convention for systematically organizing the resulting 
materials.  
2. Qualitative analysis provided a comprehensive framework for augmenting 
fuzzy cognitive mapping. The in-depth analysis of the voice recordings 
using repertory-grid like approach provides a robust method to ensure that 
the model has captured the nuances of the EWHTA context. However, this 
can lead to an overcrowded FCM model that is too sensitive to the input 
factors. As a result, an extensive effort to identify and remove the redundant 
links and regroup the concepts was made in the pilot study. This led to some 
adjustments in the steps to manage the depth of the analysis. Extensive 
capture of details may reach diminishing returns, or even generate many 
unimportant links that will have to be removed in subsequent analysis.  
3. FCM Tool: The research can tremendously benefit from more mature FCM 
software. In this pilot study, the modeling and simulation were conducted in 
separate environments. This prolonged the research across the modeling 
steps. Future research, particularly by practitioners, demands a robust tool 
that can streamline model building.  
A detailed description of the pilot study including the steps conducted to arrive at 




5 The Summary of the Case Study 
Prior to the case study, the pilot study (as described in chapter 4), suggested a set 
of novel input variables and links between variables. The nature of these variables 
and their interdependence needed to be investigated further, in order for the 
research method from chapter 3 and its resulting models to be considered valid in 
the EHTA context. Furthermore, the findings of the pilot study were based on a 
data set that was gathered from two elderly women and their respective 
gatekeepers. This sample is too small for a method, which is supposed to yield 
models that are useful across the EHTA (or even EWHTA) context. Further tests 
of the proposed research method were consequently warranted. The case study, 
which is part of this dissertation and is detailed in chapter 6, serves this purpose.  
The case study research, as described in detail in chapter 6, applies the proposed 
research method as outlined in chapter 3. The goal of this research was a model 
that achieved the four objectives of this dissertation as stated section 1.2. The 
model is geared toward explaining consumer behavior rather than organizational 
behavior in EHTA. 
The case study research investigated the adoption of activity trackers by the 
elderly women. This technology was chosen for the reasons described in section 
3.3. Activity trackers are wearable devices that track the consumers’ activities to 
provide feedback and promote increased physical activities. The participants in the 
study were elderly women that were faced with the choice of adopting or rejecting 
the technology in its various forms.  
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The gerontechnology literature has established that gatekeepers exert a 
tremendous influence over elderly women. Thus, the influence of gatekeepers 
becomes a key part of this contextualization of the UTAUT with respect to elderly 
women’s health technology (EWHTA).  As a consequence, pairs of elderly women 
and their gatekeepers comprised the unit of analysis in this research, as they did 
in the pilot study.  
Elderly women were chosen as participants over elderly men because they 
represent the majority of the elderly population.  The cognitive capability of the 
elderly women constituted a key selection criterion, i.e. only elderly women who 
claimed to be cognitively capable of being interviewed were considered for 
participation. The elderly women’s gatekeepers were investigated due to their 
(typically) critical influence in adoption decision-making by the elderly (as 
discussed in section 1.1.—Problem Background). Thus, in order to recruit an 
elderly/gatekeeper pair for the research, both the elderly woman and her 
designated technology gatekeeper had to be willing to participate in the research.  
The case study applied the proposed research method (outlined in Chapter 3) and 
subsequently asked few subject matter experts to comment on the method and the 
usefulness of the resulting model. Figure 5 - 1 outlines the steps conducted in the 








5.1. Measures and Variables  
The EWHTA model that resulted from the case study is an FCM model; hence, the 
values of all concepts are normalized to a range from -1 to 1.  
As detailed in chapter 6, and further to the findings of earlier publications (Rahimi 
et al., 2016; Rahimi et al., In Press), a wide range of variables emerged from the 
research and are color coded for readability in Appendix G (I. Common 
Ontology(Codebook))  in chapter 6. The following categorization combines the new 
concepts with the original UTAUT constructs and groups them according to their 
role in the model. These groups of variables are categorized in the following 
groups.  
1. Environment Factor 
2. Technology Characteristic 
3. Elderly Perception 
4. Environment Influence 
5. Personal Characteristic 
6. Tech Adoption Outcome 
The six categories of concepts are described in terms of their corresponding 
variable types below.  
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5.1.1. Input Variables 
5.1.1.1. Environment Factor 
This group of variables embodies different concepts that capture the elderly’s 
environment. This include information about her gatekeeper, available support 
channels around her and her social surrounding that influence her health 
technology adoption. E.g. “Community tech support” or “Gatekeeper’s tech 
savviness”. One important concept that emerged here (despite not being focused 
on) was the “Clinician recommendation”. These concepts are shaded pink in the 
resulted model.  
5.1.1.1. Technology Characteristic 
This group of variables captures the specifications and features of the technology. 
E.g. “Tech aesthetic appeal”, “Tech cost” or “Tech usability & accessibility”. These 
concepts are shaded yellow in the resulted model.  
5.1.2. Intermediary Variables  
5.1.2.1. Elderly Perception 
This group of concepts shows the important perceptions of the elderly woman that 
influence her health technology adoption. Some of these concepts are UTAUT 
constructs, such as “Perceived Usefulness” and “Perceived Ease of use”, and 
some others are new emerged concepts like “Perceived needs” and “Perceived 
cost”. These concepts are shaded green in the resulted model.  
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5.1.2.2. Environment Influence 
This group of concepts shows the different yet important influences that her 
environment has in her health technology adoption. These influences are primarily 
sourced by elderly’s gatekeeper(s) family members and secondary by other 
channels of support available to and social circle around her. These concepts are 
shaded blue in the resulted model.  
5.1.2.3. Personal Characteristic 
This group of concepts captures elderly’s different personal beliefs, trait, condition 
and efforts that are important in her adoption decision making. These range from 
her general attitude toward technology (such as “Positive attitude toward tech” or 
“Resistance to change” and the resulting “Voluntariness to use” concepts), her 
traits (like “Being frugal” or “self-efficacy”), her condition (like having health concern 
that can be remedied using technology), efforts to reach out for support (“Reaching 
free community support”) or her intention to use the technology (“Adoption 
Intention”). The “Concern” concept from this category is an input variable.  
5.1.3. Output Variables 
5.1.3.1. Adoption and Adoption Intention 
The only true output variable is the actual adoption behavior. Adoption and the 
intention to adopt are the desired output variables of the research. Adoption 
intention, which is also an intermediary variable, is the propensity to adopt, 
whereas adoption behavior is the probability of the actual adoption of technology.  
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Adoption is not shaded and therefore shows as white. The other white concept is 
“Technical knowledge & experience”, an input variable that shows elderly’s 
previous technical experience.  
5.2. Design of the Case Study 
While the pilot study successfully tested the overall proposed method, the EWHTA 
of the case study conducted here put the designed research approach to fruition. 
As summarized in Figure 5 -1, this research fully applied the proposed method to 
conceptualize EWHTA by contextualizing  the most recent and comprehensive 
adoption theory to date, Unified Theory of Acceptance and Use of Technology 
(UTAUT, see Figure 1 - 1, section 1.1) (Venkatesh, 2003). This was done by 
integrating the perspective of the elderly women and their gatekeepers to 
investigate, create and validate and use the empirically emerged EWHTA model. 
And by doing so, it has accommodated the highly interdisciplinary nature of the 
proposed research.  
It’s important to note that the case study has added an additional step to the 
original method proposed in chapter 3, namely step 13--Expert Evaluation. This 
step allows subject matter experts to comment whether they find the method and 
the model useful.  
The Case Study actually consists of three studies. Each study pertained to one of 
the activity tracker products depicted in Figure 5 - 2: 
- the EverWrist fall detector (“EverWrist: A Novel Electronic Fall Monitor for 
Seniors | SBIR.gov,” 2012)   
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- the Withings activity tracker (“Nokia Steel | Activity & Sleep Tracker 
Watch,” 2018)  
- the Samsung Gear S2 activity tracker (“Gear S2 classic Wearables - SM-
R7320ZKAXAR | Samsung US,” 2018)  
The studies involving the EverWrist fall detectors and the Withings activity tracker 
were conducted in collaboration with Oregon Center for Aging and Technology 
(ORCATECH), an organization that researches the clinical implications of 
technologies for the aging population and regularly conducts field tests of RHMT 
products. The third study, which involved the Samsung Gear S2 activity tracker, 
was conducted independently of ORCATECH. Researching three products 
ensured that the model, which resulted from this research, was not product 
specific. Furthermore, aggregating the findings of three studies generated a more 
comprehensive understanding of the EWHTA as it pertains to wearable activity 
tracking devices. 
                
Figure 5 - 2 Activity trackers tried during this research (from left: Withings by Nokia (“Nokia 
Steel | Activity & Sleep Tracker Watch,” 2018), EverWrist  (“EverWrist: A Novel Electronic Fall 
Monitor for Seniors | SBIR.gov,” 2012)  the picture is a newer model, and Samsung Gear S2  




ORCATECH was conducting field tests of the EverWrist and Withings activity 
trackers during the time that this research was performed. ORCHATECH selected 
a cohort of participants for each of these field tests from its 'Living Laboratory' 
panel of elderly volunteers. Elderly women from these two field test cohorts were 
chosen to participate in this dissertation research, if they met the abovementioned 
criteria. ORCATECH’s EverWrist cohort yielded a total of two elderly/gatekeeper 
pairs (those discussed in the pilot study); ORCATECH’s Withings cohort yielded 
ten pairs. The remaining three pairs came from the independent study of the 
Samsung Gear activity tracker.  
ORCHATECH’s field test schedule determined the timing of the studies in this 
research because recruitment of elderly/gatekeeper pairs depended on the 
willingness, availability and ability of elderly women from the respective 
ORCHATECH cohorts to participate in this research. The EverWrist study for this 
dissertation was conducted from March to June 2016; the study of the Withings 
activity tracker transpired May to August 2017.  The study of the Samsung Gear 
tracker occurred in July 2017, i.e. in parallel with the Withings study.  
5.3. Settings for Studies 
The majority of the participants recruited from the ORCATECH cohorts were US-
born elderly women with a relatively high socio-economic status who live in 
upscale retirement communities. These women volunteered for ORCHTECH on a 
regular basis, suggesting that they are more tech savvy than the general elderly 
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women population. This relatively narrow sample posed a potential issue regarding 
generalizability: Would a model that is derived from this group of participants 
explain behavior of elderly women who are less tech savvy, elderly women of 
lesser means, elderly women who were immigrants, and elderly women who lived 
at home?  
In response to this question, the third study (of the Samsung Gear Tracker), was 
based upon a different group of participants.  The participants in this study live with 
their family, and they are recent immigrants—they came to the USA within the last 
4 years. Including this group of elderly/gatekeeper pairs introduced variability to 
the sample of participants that typically volunteer ORACTECH field test, both from 
the point of view of socio-economic status and the relationship to their 
gatekeepers. Hence, expanding the sample of participants broadened the context 
of the model that has emerged from this research. In fact, the variability of the 
research participants was instrumental to achieving the research goal of unpacking 
the gatekeepers’ influence on the elderly women health technology adoption. 
5.4. Research Method Evaluation & Subject Matter Expert Qualification 
The evaluation of the current popular modeling methods highlighted the potential 
benefits of mixed-methods research designs and their capacity to address the 
highlighted criteria (details in chapter 2). The premise of the designed mixed-
methods research method in this dissertation is to offer a research approach that 
meets the highlighted 8 criteria (as reiterated below in section 5.5.). Additionally, 
the research method has primarily been validated through the pilot study. 
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However, as a quick confirmation, three subject matter experts from the 
intersecting fields (gerontology, HFE, and TA) are asked to comment whether the 
method bridges the identified gaps (as outlined in section 2.6. and reiterated 
below) and if the resulting model is useful. While these experts are not expected 
to be able to validate the entire model, they can endorse or challenge the model 
as it pertains to their field of expertise. They can also identify if the model violates 
the state of the art in their areas of expertise and whether the model generates 
new insights.  
5.5. Method Evaluation Criteria 
As explained in detail in chapter 2, there is a compelling need for new research 
methods that facilitate the contextualization of priori TA theories in the complex 
elderly healthcare settings. The literature highlights the current gap and suggests 
that these novel methods should meet 8 criteria (as identified in section 2.6.—
Summary of the State of the Art). The approach described in this chapter meets 
these criteria.   
1. Grounded: The approach integrates first hand user data from the elderly 
women participants and their gatekeepers.  
2. Holistic: The approach treats the problem holistically: it covers a wide 
range of factors that emerge from the health context under study. It allows 
the elderly women to speak their mind freely and explain everything that 
influences their decision making. Additionally, collecting data from the 
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elderly women’s gatekeepers contributes to capturing a holistic view of the 
health technology adoption problem.  
3. Flexible: The approach results in flexible models that can be adjusted in 
response to new input, as new concepts and/or links can be easily added 
to the model as needed.  
4. Latent Needs: The approach models latent needs, because fuzzy cognitive 
mapping allows the researcher to integrate concepts in a manner that would 
not occur to the participant. This could include needs that emerge from 
integrating the perspective of the elderly woman with that of her gatekeeper.  
5. Visual: The approach provides cognitively simple visual representation of 
findings that people from different disciplines can comprehend. This is 
possible due to the visual nature of FCM, which is enhanced by new FCM 
software features that allow visual filtering to capture the influences of 
incoming or outgoing concepts.  
6. Scenario Planning: The approach takes advantage of FCM simulation 
capabilities to simulate what-if questions that can be turned into different 
scenarios. The result of simulating such scenarios can be compared and 
contrasted with each other. This leads to a better understanding of the effect 
of different exogenous factors on the adoption. Such model simulations can 
also help to better identify and prioritize alternative decision points based 
on their potential to result in a higher adoption rate.   
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7. Novel Insight: The approach has the capacity to provide novel insight in 
relation to and go beyond the predictions of extant abstract theory.  
8. Efficiency:  The approach is practical in regards to consideration of 
monetary and temporal resources and constraints, as the model is reusable 
for the same category of users and technology.  
5.6. Stages of Execution 
As summarized in Figure 5 - 1, this research follows the proposed research method 
as detailed in chapter 3. It is based on the two overarching steps of the designed 
mixed-methods method and Jetter’s (2006) general FCM building practice. As 
chapter 6 details the research steps based on the mixed-methods stages, following 
texts of this section provides a summary based on the 6 stages of FCM building.   
 Stage 1) Analysis of Objectives and Information Needs  
The first stage (2 steps) of the research has already been designed: 
1. Identifies the key adoption drivers and obstacles and their relations; 
2. Illustrates how the gatekeeper influences the elderly person’s adoption 
decision. This is reflected in the model by showing how gatekeepers influence 
the formation of perceptions of the UTAUT’s main constructs—performance 
expectancy, effort expectancy and facilitating condition.  
 Stage 2) Analysis of Means to Fulfil Information Needs 
Identification of Participants 
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To fulfil the needed information and as recommended by Tan and Hunter (2002), 
this research recruited 20 pairs of elderly woman and gatekeeper participants from 
which 15 sets of pairs of interviews were subsequently analyzed. Each pair 
consisted of:  
 An elderly woman who acted as the potential adopter, (she is also called 
any of these terms: participant, “elderly woman”, “elderly”, “EW”,”E” for short 
from here on).   
 A person (often a family member or a caregiver or friend) that was identified 
by the elderly woman as the primary person who influences her use of 
technology. This person plays the role of gatekeeper for the elderly woman. 
(she/he is also called any of these terms: “gatekeeper” or “GK”/”gk” for short 
from here on).  
The principle of diminishing return on learning (which is discussed in section 3.4.2) 
determined how many elderly/gatekeeper pairs would be recruited for this 
research.  Pairs were recruited and interviewed until no significant learnings were 
acquired, suggesting that the model generated by this research was sufficiently 
robust to provide insight to EWHTA. No significant learning occurred after 13 pairs 
were interviewed and the data that these interviews provided were analyzed.  The 
last two pairs confirmed that insight.  
As detailed in section 3.4.2, Repertory Grid technique (RGT) combined with 
cognitive mapping (by modeler) during the ethnographic interview were selected 
as the knowledge capture method.  
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 Stage 3) knowledge capture  
The guiding detail steps as laid out in section 3.4.3 were followed to capture the 
knowledge of the elderly to conceptualize the EWHTA model. The selected 
combination of techniques proved to be effective for interviewing elderlies. As the 
cognitive mapping was conducted by the modeler during the interview (and not by 
the elderly herself) the process was not too demanding to the elderly participants. 
Additionally, the semi structure ethnographic interview technique provided the 
appropriate flexibility to the elderly and allowed them to speak freely about their 
own thoughts and beliefs. Consequently, in many cases elderly women chose to 
talk about the more familiar technologies as opposed to the technology under study 
(activity tracker). Although not ideal, those answers provided the information 
needed. However, this demanded extensive qualitative analysis to both manage 
the scope and contextualize to the research questions (more detail is provided in 
chapter 5). 
 Stage 4) and 5) Conceptual and Detailed Design of FCM Models  
The research method proposed by this dissertation as detailed in chapter 3 section 
3.9, was followed step by step to first create the content and then the structure of 
the integrated FCM model of EWHTA. The step 6 through 11 guided the two main 
phases of the research-- qualitative analysis (to create the content of the model) 
followed by quantitative data collection (to create the structure of the model). This 
is explained in detail in chapter 5.  
 Stage 6) Test and Evaluation  
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In this stage, the resulting model is tested, and its performance is validated using 
following criteria: 
     - Extreme conditions  
     - Expected behaviors 
     - Sensitivity analysis 
Additionally, the proposed method is presented to a panel of subject matter experts 
to comment on the method (based on the set criteria in chapter 2 as reiterated in 
section 5.5.) and the usefulness of its resulting model. The findings and conclusion 




6 Case Study Research  
Complementary to the previous chapter that provides a summary of the case study 
research from the perspective of the six steps (referred here as stages) of FCM 
modeling (Jetter, 2006), this chapter summarizes the conducted research from the 
perspective of the overarching research design, as well as from the perspective of 
the Repertory Grid Technique (RGT). These six steps of FCM modeling (Jetter, 
2006) are depicted in black print in Figure 5 -1. In this chapter, the research 
detailed steps are marked with the corresponding steps of overarching mixed-
method research designed (in blue print), the detail research steps (in purple print) 
and RGT phases (in orange) depicted in Figure 5 – 1.   
For the qualitative phase of the research, outlined in the second stage of the 
research method (section 3.4.2), the combination of ‘a Repertory Grid Technique 
(RGT) and cognitive mapping’ established the means to fulfil information needs. 
As carefully selected and tested in the pilot study (Appendix B), the approach 
provided great flexibility to curb the inherent challenges involved in capturing 
information from the elderly demographics.   
Since Repertory Grid Technique (RGT) covers a wide range of data collection and 
analysis approaches, it is important to identify the technique variation adopted in 
this research.  
- The goal of the research method is to create an FCM model which 
inherently captures constructs and their causal relationship (detailed in 
3.1.4). Therefore, unlike in the traditional RGT, the focus of this research is 
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to identify the constructs and the degree of influence that they exert upon 
one another.  
- As stated in the research design (section 3.4), the goal of the FCM model 
is to integrate the opinions of stakeholders. This is a departure from the 
original George Kelly's Personal Construct Theory (George Kelly, 1955), 
which focused exclusively on capturing personal constructs. This research, 
like a growing number of new variations of the RGT (“Repertory Grid 
Technique”, 2003), moves beyond extracting ‘personal construct’. Instead, 
it aggregates participants’ constructs to conceptualize "common grids" to 
study the elderly women population. 
- Due to a lack of clear understanding of the important factors in play in EHTA, 
this research adapts to the more recent approaches of the RGT. The 
approach deployed in this research opts out of statistical analysis and 
follows qualitative content analysis to better allow for the emergence of key 
factors.  
For the quantitative phase of the research, which is outlined in the proposed 
research method (Figure 5 - 1, section 3.4.4 and section 3.4.5), this phase of the 
mixed-methods approach aims to conceptualize the decision support FCM model 
by facilitating: 
1) Model structure building, in which the integrated cognitive map that resulted 
from the QUAL phase is converted into the FCM map of the integrated 
EHTA mental model.  
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To achieve this, in the quan data collection phase, each edge weights 
(degree of causal influence of each link) of the integrated cognitive map 
(Mapint) is collected. This can usually be done effectively by using an online 
survey instrument. However, due to the cognitive limitation of the elderly 
and the need to maximize the accuracy of the data collected, I deployed a 
structured interview technique for the case study. To streamline the data 
collection, I designed the online survey instrument depicted in Appendix 
E.I). I subsequently walked every elderly participant from the QUAL phase 
of the research through the survey.  I then entered the responses into my 
smartphone device.  
2) Internal validation of the FCMint consists of the three tests described in  
section 3.4.5: 1) the extreme conditions test; 2) the behavior reproduction 
test; and 3) a sensitivity analysis.  In the extreme conditions test, the 
model’s integrity is tested against extreme scenarios.  In the behavior 
reproduction test, the model’s integrity is tested for typically successful and 
unsuccessful adoption scenarios that were observed during the QUAL 
phase of the research. In the sensitivity analysis, the behavior of the model 
is analyzed to see how varying some of the model’s inputs (within a 
plausible range) affect the model’s output.  The sensitivity analysis is 
conducted ceteris paribus, i.e. only one variable is varied at a time.  
After successful validation of the integrated FCM model, the model can be 
considered as the FCM decision support model and can be subsequently used by 
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practitioner to conduct consumer market research and development.  (FCMint  
FCMdm) Detail examples of how the model is used are explained in chapter 7. 
For strengthening the evaluation of the overall research. To leverage the 
evaluation of the overall method proposed in this dissertation, I interviewed a panel 
of three subject matter experts. The feedback from these experts, which primarily 
pertained to the usefulness of the emerged model and the overall usefulness of 
the research method, is discussed in section 6.5.3. 
6.1 Qualitative Data Collection (QUAL Data Collection)  
The principles of ethnographic interviewing were applied to qualitative data 
collection. These include (1) making the purpose of the interview explicit and 
known to participants; (2) repeatedly offering explanations to the participants; (3) 
recording the participants’ explanations and asking follow-up questions; (4) 
acknowledging researcher’s lack of knowledge about the participants’ personal 
perspectives; and (5) using participants’ everyday language. The interviews took 
place in the participants’ homes. The elderly women were asked to subjectively 
define and expand on the constructs of UTAUT, based on their own perception. 
The gatekeepers were asked the same questions but about their perceptions of 
what the elderly women would perceive. Responses were audio recorded and 
documented as a cognitive map, using Mental Modeler software.  
Upon successful recruitment, every elderly woman participant signed the consent 
form (listed in Appendix C, section C.I. Participants Consent Form) prior to being 
interviewed. Since the participants in this research are mainly elderly with limited 
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ability to create cognitive models, I, acting as the modeler, simultaneously 
interviewed the participants and created cognitive maps. During the semi-
structured ethnographic interview, I asked the questions in the QUAL interview 
questionnaires (as listed in Appendix C, section C.II. Open-ended Interview 
Questions). I also guided the interview. The questions in the questionnaire focused 
on the specifics of the activity tracker. However, I allowed the elderly who couldn’t 
make comments about the specifics of the AT to make general comments about 
technology adoption that deemed to be insightful to the study (more on this in the 
QUAL analysis section).   
The interview followed the general format described below. 
In the following 5 steps of knowledge capture, as per RGT process, the interview 
questions elicit information about four aspects of technology adoption that pertain 
to the research objectives:  
1) The elderly participant’s health technology adoption decision-making (the 
topic),  
2) The health technology being studied (the elements, aka the activity 
tracker (AT)),  
3) Interpretation of the UTAUT constructs and how their perceptions are 
formed, i.e. concepts influencing the formation of those constructs (the set 
of constructs), and  
4) The ratings of the health technology per each UTAUT construct (a set of 
ratings of elements on constructs). 
160 
 
6.1.1. Theory Validation (Research Step 1) 
(This step aligns with the RGT Phase I – Element Selection, and the QUAL Data 
Collection of the mixed-method order)  
In the beginning of the interview, every elderly woman participant verified the 
validity of the UTAUT (as presented in Figure 6-1) in relation to their adoption. 
Every elderly woman who participated in the research validated the UTAUT 
constructs as important factors that influenced her technology adoption decision.  
 
 
Figure 6 - 1 UTAUT as the base cognitive map to expand in each interview 
 
6.1.2. Elderly Knowledge Capture (Research Step 2) 
(This step aligns with the RGT Phase II – Construct Elicitation, and the QUAL Data 
Collection of the mixed-method order)  
During QUAL Data Collection, each participant was interviewed using the semi-
structured one-on-one ethnographic interview technique described in section 
3.4.2.2.1. Every interview was recorded to capture information for later analysis.  
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During the interview, participants were asked predesigned open-ended questions 
(in Appendix C, section C.I.2) to provide their subjective insights. These questions 
were designed to probe and encourage the participants to identify the factors that 
influenced their adoption decision making for the activity tracker that they were 
evaluating (i.e. constructs in RGT, concepts in the model and contents of FCM 
maps). The participants were asked to freely provide constructs for the fixed 
elements, while the researcher was simultaneously capturing the constructs in her 
cognitive map. The participant also explained and helped extend the verified 
UTAUT’s constructs. As the research focuses on the health technology adoption 
of elderly women, age and gender, two of the four mediating factors of the UTAUT 
are set here. (As the model aims to heuristically unpack UTAUT, the later QUAL 
analysis enables the emergence of the effects of the other two mediating factors—
voluntariness of use and experience with the model.) The participant also 
prompted novel concepts while the interview was being conducted. These 
concepts and the links that depict the influence of these novel concepts on each 










P1 56 daughter 46 
P2 77 daughter & grand daughter 53 
P3 53 
Retirement community 
volunteer tech support 70 
P4 55 caregiver 47 
P5 47 daughter 52 
P6 49 friend 36 
P7 79 daughter 46 
P8 57 daughter 68 
P9 48 friend  45 
P10 43 daughter 77 
P11 81 husband  66 
P12 82 daughter  57 
P13 42 daughter 63 
P14 57 friend  81 
P15 54 friend  52 
Number of people recruited 40 
Number of people interviewed 34 
Number of interviews studied 30 
Average age of elderly participants 80.7 
Standard Deviation of age 10.63  Minimum-Maximum age 65 - 95  
Table 6 - 1 Research participants’ information 
 
Average duration of interviews 57.97 
Standard Deviation of interview 
duration 13.30   
Minimum-Maximum interview 
duration 36 - 82 
 
Average duration of elderly participant interviews 58.67 
Standard Deviation of elderly 
interview duration 13.99   
Minimum-Maximum elderly 
interview duration 65 - 95 
 
Average duration of gatekeeper interviews 57.27 
Standard Deviation of gatekeeper 
interview duration 13.02   
Minimum-Maximum 
gatekeeper interview duration 36 - 81 










Gatekeeper relationship Gatekeeper 
Age 
P1 83 16 daughter 46 
P2 69 13 
daughter &  
grand daughter 53 
P3 80 18 
Retirement community volunteer 
tech support 70 
P4 94 18 caregiver 47 
P5 90 15 daughter 52 
P6 95 16 friend 36 
P7 82 15 daughter 46 
P8 90 20 daughter 68 
P9 68 16 friend  45 
P10 84 12 daughter 77 
P11 67 18 husband  66 
P12 65 16 daughter  57 
P13 71 12 daughter 63 
P14 78 18 friend  81 
P15 94 14 friend  52 
Average age of the elderly women participants 81 
Standard Deviation of elderly participants' 
age 10.63 
Minimum-Maximum 
elderly participants' age 65-95 
          
Average age of the gatekeepers   57 
Standard Deviation of gatekeepers' age 13.02 
Minimum-Maximum 
gatekeepers' age 36-81 
Average years of education of the elderly women participants 16 
Table 6 - 3 Participant pairs’ demographics information 
6.1.3. Baseline Tech Perspective Collection (Research Step 3) 
(This step aligns with the RGT Phase III – Rating, and the QUAL Data Collection 
of the mixed-method order)  
During the interview, the participant was also asked to provide her subjective 
measures for usefulness and ease of use (two of the UTAUT’s main constructs) 
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for the activity tracker being evaluated. This information was captured in the elderly 
profile as detailed in Appendix F- Case study Participants’ Profiles. Some other 
information about elderlies’ perceptions, traits and environmental factors, which 
were also captured during the QUAL data collection and the QUAL analysis, were 
added to the profiles.   
6.1.4. Gatekeeper Knowledge Capture (Research Step 4) 
(This step aligns with the RGT Phase II – Construct Elicitation (triangulation), and 
the QUAL Data Collection of the mixed-method order)  
Every elderly woman participant of the QUAL data collection phase was then 
asked to identify the individual who most influenced her technology usage. This 
individual was named the technology gatekeeper, or gatekeeper (aka GK or gk) 
for short.  The gatekeeper was then interviewed in the same fashion as the elderly 
woman. This is an instrumental step of the qualitative data collection, as it 
triangulates the knowledge capture and provides a more complete picture to how 
the gatekeepers influence their EWHTA decision making (research question 2 or 
2).  
This ethnographic interview resulted in a basic cognitive map, which is created in 
a manner similar to the one described in step 2. However, this map still focused 
on the elderly woman’s decision making (from the perspective of her gatekeeper) 
and how the gatekeeper influences the participant’s decision during the adoption. 
This results in another mental model (cognitive map) of the elderly person as 
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viewed from the perspective of the gatekeeper. Detailed information about the 
QUAL data collection for each pair is found in Appendix F – Case Study 
Participants’ Profiles.   
6.1.5. Repeat Elderly Women & Gatekeeper Pair Knowledge Capture (Research Step 5) 
(This step aligns with the RGT Phase II – Construct Elicitation, and the QUAL Data 
Collection of the mixed-method order)  
This step captures the repetition of the first 4 research steps for the 15 recruited 
pairs of elderly women and gatekeepers. The research, like any other research, 
faced some practical limitations, namely attrition and cognitive limitation. The 
challenges of capturing knowledge from a cohort of elderly with different level of 
cognitive decline was more pronounced. As a result, further participants 
recruitment became necessary and resulted in 20 pairs of the recruited 
participants. However, there were 15 pairs who were successfully interviewed 
which resulted in 30 units of qualitative interviews and 30 initial cognitive maps. 
The interview of the participant-gatekeeper pairs continued until incremental 
learning reached diminishing returns. The consumer market research literature 
(Griffin & Hauser, 1993) suggests that diminishing returns should occur after 
interviewing 10 to 30 participants. In this research, after 13 cases (13 pairs of 
elderly & gatekeepers) the last 2 cases provided little incremental learnings (more 




6.2 Qualitative Analysis – Model Content Building 
This phase is the most labor intensive and critical part of the entire research.  In 
this phase, the content of the data collected underwent an extensive qualitative 
analysis. As described earlier, the qualitative content analysis, as an established 
RGT approach (Boyle, 2005), was the research method that was selected from the 
repertoire of the overarching RGT techniques. This qualitative analysis was carried 
out in a qualitative research software called Atlas.ti (“ATLAS.ti 7 Windows | 
Qualitative Data Analysis with ATLAS.ti”, 2017), which became instrumental in 
organizing and managing the large amount of data from different levels of coding 
and analysis.  
Briefly, the process to obtain the constructs was conducted as follows. During open 
coding, concepts and their higher level categories emerged (formed as code 
families), predominantly using the language of the participant. During the 
subsequent second coding step (axial coding), these concepts and their causal 
relations were generalized into broader code families. During the final step, 
selective coding, the remaining codes were further refined to represent 
generalizable constructs and then standardized across all maps (Carley, 1993). 
During each step, the cognitive maps were updated. In total, 15 cognitive maps 
with standardized concept labels and meanings were generated. Each 
represented the learnings from a pair that consisted of an elderly woman and her 
gatekeeper. To preserve the insights from all participants, integration was done 
additively: if a concept or connection occurred in any one of the contributing maps, 
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it was included, even if other contributing maps had omitted it. This integration is 
a complex process (Giabbanelli & Tawfik, 2017), which has become possible 
through the power of qualitative aggregation (Özesmi & Özesmi, 2004). Here, 
using Atlas.ti, all the open-codes that grouped and formed code families (i.e. the 
standardized concepts) were organized and preserved. The accumulated codes 
from all the interviews provided the information base from which the best abstract 
concepts and corresponding links were extracted. 
The steps in the QUAL analysis phase, which correspond with steps 6-10 (Stage 
4 – model content building as described in sections 3.4.4), facilitated the individual 
analysis and the subsequent cross-analysis of the 15 pairs to incrementally 
augment and integrate the cognitive maps (the content) of all the participants. The 
analysis of the content focused on extracting and aggregating constructs (i.e. map 
concepts) and resembled the grounded theory coding approach. This analysis was 
conducted in Atlas.ti software as described in the steps below.   
The most important consideration during all phases of the analysis is being 
cognizant of the research questions/goals. This means that every piece of 
information needs to be actively analyzed from the lens of the research question, 
which makes a lot of side information irrelevant to the research. As Sterman posits: 
“A model designed for a particular purpose such as understanding 
the business cycle or global climate change, would be much smaller, 
since it would be limited to those factors believed to be relevant to 
the question at hand. … The resulting models could be simple 
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enough so that their assumptions could be examined. The relation of 
these assumptions to the most important theories regarding the 
business cycle and climate change could then be assessed to 
determine how useful the models were for their intended purposes. 
Of course even models with well-defined purposes can be too 
large…In sum: Always model a problem. Never model a system.” 
(Sterman, 2000, page 90) 
This requirement also made a large number of open-codes, which are otherwise 
different, synonymous, as they pertained to the phenomena under study. The 
purpose of the model was to show the factors that are important to the EWHTA. 
Hence, all other factors can be ignored or merged with respect to relevance to their 
effects on EWHTA. For example, different positive and negative factors emerged 
during the analysis of the 15 pairs. All factors influenced the elderly’s voluntariness 
to use a technology either negatively or positively. To focus on creating a model 
that responded to the research questions (and not modeling the world of elderly 
decision making), all those factors were merged into a positive influencing factor—
“positive attitude toward technology”, and a negative influencing factor—
“resistance to change”.  
Alizadeh and Jetter have proposed a 5-step process that guides capturing the 
causal-effect relationships from content (Alizadeh & Jetter, 2017):   
Step 1: Draw the raw FCM based on the original text terminology (here 
ethnographic interviews)  
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Step 2: Consolidate the identical concepts 
Step 3: Adopt consistent terminologies for conceptually similar concepts 
Step 4: Tune the granularity for concepts and sub-concepts 
Step 5: Identify and close the gaps 
Although they (Alizadeh & Jetter, 2017) used the literature as the means to fulfil 
information needed, the overarching activities to capture causal-effect 
relationships from content are similar. A summary of the activities conducted in this 
chapter are cross-referenced with these 5 steps in attempt to provide a bird’s eye 
view of the comprehensive analysis of this chapter: 
Step 1: Draw the raw FCM based on the original source: 
For each pair, the voice recordings of the interviews were imported in Atlas.ti and 
analyzed by listening and segmenting them into codes. The initial coding (open-
codes) could be based on a single phrase, a sentence, or many sentences. The 
concepts in the original cognitive maps, as well as the codes from both the elderly 
woman’s and the gatekeeper’s interview, provided the evidence that allowed the 
researcher to add the preliminary concepts and their causal connections to the 
elderly woman’s cognitive map.    
Step 2: Consolidate the identical concepts: 
Once the initial coding across the 15 pairs had been completed, the resulting codes 
were analyzed to facilitate the creation of code families that collect and group the 
similar codes together. As such, the initial codes were assigned to the code 
families that best represented and generalized the initial codes’ contents. This step 
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was completed once all the initial codes had been assigned to one or many related 
code families. These code families were shared among the participants. So, new 
code families were only created when all the existing code families in that project 
failed to generalize the new codes’ meaning.  
The cognitive maps were augmented from the learnings of the code families. The 
concepts in the post open-coding cognitive map of the elderly women participants 
were compared and contrasted with the code families, and the code families that 
were missing from the map were added. Adding incoming and outgoing links to the 
new map concepts proceeds by reanalyzing the content (primarily the open codes 
and, if uncertain, the interview records). 
Step 3: Adopt consistent terminologies for conceptually similar concepts. The 
earlier steps of the analysis resulted in the emergence of a set of code families 
that embodied the key concepts and their relations in the context of the research 
(and hence the model). At this point of the analysis, all the related open-codes 
were grouped in the created code families in Atlas.ti, and thus were easily 
traceable. These code families became the standardized concepts, which 
represent the aggregation and integration of related concepts that emerged from 
the participants’ data. The 15 post-open-coding cognitive maps (each created from 
a pair case analysis) were updated and augmented using the terminology of the 
code families. As such, at the end of the analysis, when the code families were 




All the participants’ augmented cognitive maps were standardized (i.e. the 
concepts were replaced by a standardized concept representative that embodied 
the same meaning).  
Step 4: Tune the granularity for concepts and sub-concepts. 
The important consideration here was to model EWHTA to address the two 
research objectives to which this model aims to respond: 
1. Identifies the key adoption drivers and obstacles and their relations; 
2. Illustrates how the gatekeeper influences the elderly person’s adoption 
decision. This is reflected in the model by showing how gatekeepers 
influence the formation of perceptions of the UTAUT’s main constructs—
performance expectancy, effort expectancy and facilitating condition.  
The granularity of the emerged concepts and the decision on dissecting or 
grouping them together were based on the criteria set by the research goal (details 
provided in the next sections of this chapter). 
As replacing the concepts in the 15 post-open-coding cognitive maps (in step 3 of 
Alizadeh and Jetter approach (2017)) it’s observed that some of the maps have 
captured the concepts more granularly than other maps. This is rooted in the 
nature of ethnographic interviewing in which the participants can freely discuss 
details and sometimes derail from the main points. Stepping back and reanalyzing 
how the concepts related to the research questions set the criteria for the decision 
on the resolution of the concepts in the model. Once the decision on the resolution 
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of the concepts were made, the concepts were merged or dissected accordingly 
and all the cognitive maps are updated to show the same resolution.  
Step 5: Identify and close the gaps. 
Upon the adjustment of the model’s resolution, the comparison of the cognitive 
maps across the 15 cases become conceptually simpler. In this phase, the key 
constructs of the adoption (i.e. UTAUT constructs) were studied and compared 
across the maps. Conversely, each UTAUT construct was studied across the map 
to compare and contrast its influencing tree of concepts, in order to integrate 
missing concepts in each of the cognitive maps. At this point, the numerous open 
codes that were grouped in code families provide the basis for merging or adding 
concepts. Additionally, these open codes provide evidence of possible missing 
relations (links) that were not apparent in the participants’ data, and required 
inferences that were not yet known. Hence, these hypotheses (mainly links) were 
subsequently added. Furthermore, as the cognitive maps become standardized, 
each concept and its influencing concepts were analyzed to ensure that no 
influencing concept were missing. From this analysis, missing influencing concepts 
became apparent and were added, in order for the cognitive maps to provide a 
more holistic picture of the mental model.  
At this point all the cognitive maps had been standardized and could be integrated 
together by adding their adjacency matrices together to form the integrated model 
that comprised the base of the simulation model. Since the edge weights had not 
been quantified yet, the adjacency matrices of these cognitive maps were not fuzzy 
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and only contained: a) “0” meaning there was no edge weight, i.e. no causal 
relation; or b) “1” meaning there was a positive causal relationship that would be 
quantified later, or c) “-1” meaning there was a negative causal relationship that 
would be quantified later. The quan data collection phase is designed to extract 
the value of these edge weights, as detailed in section 6.3. (step 11 of the overall 
research method). 
The sample codes that appear in the following sections are the open codes that 
are brought from the qualitative analysis conducted in Atlas.ti. These open codes 
often start with A, E, or G (with or without a number that shows the particular 
participant). They indicate the source of the open code. E stands for elderly, 
meaning this open-code has emerged from an elderly interview; G stands for 
gatekeeper, meaning this open-code has emerged from a gatekeeper interview; A 
stands for all, meaning this open-code has emerged from at least one elderly 
interview and one gatekeeper. When E or G is followed by ‘in vivo’ it means that 
the open code is an exact verbatim sentence from the participant.  
6.2.1. Repertory Grid Analysis (Research Step 6) 
(This step aligns with the RGT Phase IV – Analysis, and the QUAL Analysis of the 
mixed-method order)  
Step 1: Draw the raw FCM 
The research steps designed in Chapter 3,serves as the step-by-step guide for 
conducting the analysis, as the crucial stage in the integration of all hitherto 
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generated cognitive models resulted in producing the entire content of the FCM 
model. 
6.1. (Draw Cognitive Map1 from elderly collected data) To maximize the cognitive 
representation of the interviewee’s mental model, this step started the process 
of deep analysis of the interview voice recording. To do that, the audio 
recording file produced from each of the two interviews of every elderly-
gatekeeper pair (each case of the 15 cases), was imported into Atlas.ti. For 
each case study, the voice recording of the elderly woman’s interview (one of 
the products of step 1-3) was first added to the project as a new document in 
Atlas.ti. The open-coding steps followed as the first step of the analysis to 
collect participant’s constructs (RGT). Listening to the voice recording, the 
segments that capture concepts and/or relationships (among concepts) were 
selected, and the sentence describing the observation was coded. For 
example, the elderly woman stated that “she doesn’t think the activity tracker 
worth its price”. This segment was coded as: “E doesn’t want to pay for tech”. 
This led to the emergence of “tech cost” as a construct. Figure 6 – 2 depicts 
the first elderly woman participant’s open-coding in Atlas.ti.  
6.2. (Double check Cognitive Map1‘s completeness against elderly’s initial 
cognitive map during data collection) The second product of step 1-3 was the 
initial cognitive map created by the modeler during the interview (like the one 
depicted in Figure 6 – 3 depicting P1 initial cognitive map). The map provided 
good visual cues as to the important constructs and relations that stood out 
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during the interview (particularly in relevance to the main UTAUT’s constructs). 
However, this initial cognitive map lacked the granularity to represent the 
relationships among those new concepts and the original constructs. This is 
because the maps were created during the interview and were subject to the 
time constraints imposed by the interview sessions and elderlies’ cognitive 
ability. Additionally the map includes a lot of information that is very situational 
and only describes the participant’s environment (e.g. elderly daughter is her 
gatekeeper). These information are removed from the model and saved in a 
profile that describes elderly environment and other information that will be 
used in the later stage to test the model (model validation). The other concepts 
and relationships of the cognitive map also serve as a great visual reminder 
of that constructs. As anticipated, the analysis of the voice recording reveals 
much more information than what has been captured in the cognitive map. 
Hence, the best practice proved to be creating a brand new cognitive map by 
starting from the UTAUT map (Figure 6 - 1) and building further contents 
(concepts and links) from the open-coding while checking to make sure none 
of the constructs highlighted in the original cognitive map (created during the 









Figure 6 - 3 P1 interview cognitive map 
6.3. (Augment Cognitive Map1 from secondary data source—gatekeeper) The 
research proceeds with the open-coding and cognitive mapping of the elderly 
woman’s gatekeeper. This is conducted in a similar fashion to the elderly 
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woman’s interview (steps 6.1 and 6.2 here). The major difference of this step 
is that the gatekeeper’s interview information still pertains to the elderly’s 
decision making (EWHTA) from the view of the gatekeeper as the second 
source of information. As such, no post open-coding cognitive map is created 
from the gatekeeper’s open-coding; and the open-coding of the gatekeeper’s 
interview document (the interview voice recording) only contributes to the 
post open-coding cognitive map of the elderly woman. Figure 6 - 4) shows 
the resulting cognitive map from the open-coding of both the elderly woman 
interview document and the gatekeeper interview document with a more 









Figure 6 - 5 P1's post open-coding cognitive map 
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6.4. (Draw, check and augment Cognitive Mapi for all case studies (i = 2 to 15) 
The research proceeds with the analysis of the remaining 14 pairs in the same 
fashion as the process described in 6.1. to 6.3.  
During the iterative process of document analysis and open-coding sessions, 
usually one of these two scenarios occurs:  
1) The extracted open-code shows an apparently new concept or 
relationship, which will be subsequently created. Atlas.ti adds the new 
open-code to its repository of all the open codes.   
2) When creating an open-code, a similar open-code to the one being 
observed can be found in the list of the existing open-codes in Atlas.ti. It 
is important to reuse the existing open-code as opposed to recreating a 
similar one. As recommended in the qualitative analysis literature 
(Creswell, 2012), it is important to actively merge similar concepts to 
manage scope of the research. This will not only help with managing the 
size and scope of the list of codes, it also reduces the merging effort in 
the later stages of the selective coding. The software (Atlas.ti) becomes 
instrumental in keeping track of all the codes that can be easily searched 
and compared. 
6.2.2. Content Building & Inter-map Analysis (Research Step 7) 
(This step aligns with the RGT Phase IV – Analysis, and the QUAL Analysis of the 
mixed-method order)  
Step 2: Consolidate the identical concepts 
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6.2.2.1. Analysis Parking Lot  
During the analysis, a new cognitive map is created by adding all the concepts that 
have emerged from the analysis to the base UTAUT cognitive map (Figure 6 - 1). 
The resulting map is called “analysis parking lot”, as it parks all the incrementally 
learned concepts and links. This living cognitive map helps see the emerging 
concepts and the findings captured in Atlas.ti without the need to search in the 
ocean of codes. It is also used to compare and contrast the merged concepts with 
those concepts found during the analysis of each pair.  
Comparing the parking lot map with each pair cognitive map results in one of two 
possible outcomes. Either the pair cognitive map lacks a concept or link that the 
parking lot contains, or the pair cognitive map contains a concept or link that the 
parking lot lacks. In the former case, the concept is added to the pair cognitive 
map. In the latter case, the concept is added to the parking lot.  
6.2.2.2. Inter-map Analysis (Research Step 7.1) 
Earlier analyses of all pairs resulted in a list of over 800 open codes, which was 
too large for inter-map analysis. To find the important concepts in EWHTA, the 
process of selective coding (RGT content analysis technique inspired by grounded 
theory selective coding) began by conducting an extensive comparison of all the 
open-codes based on the concepts they were representing. Open-codes that were 
183 
 
synonymous were actively merged. This merging process helped manage the 
scope of the research by: 
1) Reducing the number of open-codes,  
2) Increasing the focus of the research on the questions it aims to answer, and  
3) Removing the extra contents that are outside the scope of the research and only 
unnecessarily complicate the analysis.  
This led to the unification of around 300 codes, which reduced the number of open-
codes to around 530 (depicted in Figure 6 - 6).  
The practical requirement to merge the similar codes based on the context of the 
research needs to be balanced against the importance of keeping their variability. 
This is an important consideration, since the open-codes highlight the different 
causal relationships among the concepts. These different, yet related codes, which 
are all assigned to their related code families, provide the evidence for creating 
links in the parking lot map and consequently in the participants’ cognitive maps. 
For example, Figure 6 - 7 depicts the many open-codes that show how emerged 
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concepts contribute to the elderly women’s support and training channels as the 
critical concept.  
 




Figure 6 - 7 Facilitating Condition Code Family 
6.2.2.3. Merging of Synonymous Concepts (Research Step 7.2) 
A wide range of keywords that are popular among the elderly and in the context of 
EWHTA such as usefulness, ease, easy, need, help, support, age, fear, mistake, 
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self-efficacy are searched in the Atlas.ti project codes to find all the codes 
containing similar terms. The resulting list of open codes and others that conveyed 
the same meaning and rooted in the same factor were merged.  
For example, the following codes were merged with the first open code: 
- E: E will buy tech and use it if and only if she needs  
 - G: E will abandon the technology that GK and other family member has 
bought for her.   
 - E: Elderly has strong emotional attachments to her old way of life (love her 
books even though it's harder to read them and it's easier to read on kindle) 
  - E in vivo: "I'm just not interested in new technology" 
 - E in vivo: "I do have a smartphone but I never use it, I only carry it for 
emergency." 
 - E in vivo: "Tech doesn't fit to my life style" 
 - E in vivo "when one's get old, don't put new things in your elderly parents' 
lives, it not blessing it causes a lot of anxiety, because we don't adapt to new 
things" 
 - G: E has a high Resistance to Change 
 - G: E has a very strong resistance to change (pays for SP fee even though 
frugal but have it off all the time) 
 - G: E heavily relies on habit when it comes to the everyday activity 
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In the world of gerontology, these open codes could be arguably rooted in various 
factors. However, in the context of this research all of the following related factors 
can be merged into one concept: 
“Resistance to change decreases Voluntariness to use” 
6.2.2.4. Consolidation of Contradicting Concepts (Research Step 7.3) 
In some instances, a specific behavior pattern was present, and in other instances 
it was absent. In some instances, the behavior of elderly women could be 
measured by one variable. The behavior pattern was present in some women, but 
absent in others, or the behavior pattern was more prevalent in one woman than 
in another. In either situation, the behavior can be rooted in the same concept. In 
other words, contradicting behaviors can be rooted in the same concept. Studying 
the contradictions hints at the existence of or lack of the same concept. This 
reveals a new concept that need to be added to the cognitive map. For example, 
comparing the studied pairs reveals that elderly women with high self-efficacy have 
a much higher technology adoption rate than those with lower self-efficacy. This 
shows that the difference in the degree of one variable—self-efficacy—significantly 
influences technology adoption. Thus, all instances of open codes pertaining to 
self-efficacy are consolidated into one code family called “Self-efficacy”. Here, in 
the self-efficacy code family, a group of open-codes from isolated elderlies who 
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are not subject to social learning (P4, P6, and P15) highlighted how social isolation 
decreased elderly women’s voluntariness to explore and use technology. 
- G9: Isolated E isn’t really exposed to tech as a result tech is foreign to her 
(P4) 
- E10: Cognitive and health decline causes E to become more socially isolated 
and just do what she enjoys and used to do (P6) 
- E: depression and isolation reduces E's interest in trying or using tech (P7) 
- E: Isolated E doesn't have a lot of exposure to tech (P9) 
- G: Isolated E doesn't really have a GK and tech as a result is foreign to her 
(P6 gatekeeper) 
- G: Tech rejection is more pronounced among isolated E women (P6 
gatekeeper) 
Another group of open codes showed how the elderly woman’s social interaction 
and social learning increase her ability and confidence to explore the new RHMT: 
- E: If social circle who can figure out the RHMT E thinks she can too (P10) 
- E is surrounded by close family members who are very techy which has 
influenced E’s willingness to use tech (P12) 
- Techy social circle wearing the RHMT motivates E to use it too (P14) 
 
                                                 
9 Reminder: G stands for gatekeeper, meaning this open-code has emerged from a gatekeeper 
interview. 




Figure 6 - 8 Parking Lot map showing the emerged concepts and their connections 
We know from Bandura's Social Learning theory (Bandura, 1986) and from studies 
of its applications in health technology adoption (e.g., Rahimi & Jetter, 2015) that 
self-efficacy of the elderly is the key concept that is influenced by social learning. 
(Self-efficacy, in turn, influences voluntariness of use.)  Moreover, in EHTA, social 
learning can be considered the opposite of social isolation. Hence, in EHTA, social 
isolation can be consolidated into one concept with social learning.  This is in 
marked contrast with gerontology, where social isolation is an important, 
independent concept.  
6.2.2.5. Tuning the Granularity of Concepts (Research Step 7.4) 
Consistency in the resolution of concepts is an important consideration of model 
building (Alizadeh & Jetter, 2017). It ensures that a highly granular set of concepts 
does not have a disproportionate impact on the outcome of the model. Additionally, 
collapsing the detailed concepts into a more general parent concept eliminates the 
risk of not capturing all the detailed concepts that contribute to the parent concept 
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(Alizadeh & Jetter, 2017). Moreover, it removes the potential specificity of the pairs 
studied.  
For example, since the early stages of data collection, it became apparent that 
ease of use was perhaps the most important concept that presents elderly women 
with a challenge and about which elderly women care. Both the initial cognitive 
maps and the interview records highlighted granular concepts that were brought 
up as important. As a result, there were many concepts related to ease of use, 
which were captured by the initial cognitive maps (like the subsection of the model 
depicted in Figure 6 - 9) and the generated open-codes like those listed below. 
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This was especially true for the elderly women who tested the less user-friendly 
activity tracker.  
E: The battery needs to last longer 
E: Longer battery life increases the ease of use 
E: physical usability like bigger buttons (EoU) 
E: Visual aid instead of writtings or button (EoU) 
G: Easy wear of tech is important (Eou) (E.g. putting on the fall detector 
watch by one hand/or with familial tremor syndrom) 
E: E didn't like AT because it was not easy to use. 
E: Visual aid instead of writtings or button (EoU) 
E: physical usability like bigger buttons (EoU) 
E: Portable (U &Eou) 
G: E heavily relies on habit when it comes to the everyday activity  
E: The AT needs to be waterproof 
 
Figure 6 - 9 Ease of use related concepts from P2 initial cognitive map 
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Through the iterative analysis and consideration of the granularity of other 
concepts (like usefulness), the resolution of concepts related to ease of use was 
adjusted as depicted in Figure 6 -10. All the concepts influencing the perceived 
ease of use collapsed into two levels of: objective technology feature categories 
and subjective perception of those concepts. For example, in Figure 6 - 10, the 
objective technology characteristics marked in yellow are Tech simplicity & 
familiarity, Tech automaticity, Tech maintenance, and Tech usability & 
accessibility. The subjective elderly perception categories marked in green are 
Perceived simplicity & familiarity, and Perceived usability & accessibility. 
 
Figure 6 - 10 Ease of use related concepts from integrated map 
 
6.2.2.6. Concept Formulation from Opposing Cases (Research Step 7.5) 
As described earlier, the research recruited elderly-gatekeeper pairs that 
represented a variety of typical situations, and, as a result, different concepts 
surfaced as important in the study of the various individual pairs. During the inter-
model analysis, conflicting evidence as to the importance of those concepts 
appeared. Some of the differences were easily justifiable. For example, free 
community support was an important concept in EWHTA. However, elderly women 
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who were surrounded by technically savvy family members that provided 
continuous, one-on-one walkthrough support did not perceive the need for free 
community support. Thus, free community support did not appear as an important 
concept.  
Other contrasting cases required more careful analysis. For example, for some 
elderly women, professional support appeared as the most important support 
channel, whereas for others the existence of free community support was 
considered most critical. Further analysis yielded the following codes:  
 P5 in vivo: "I would call support, if it didn't cost me an arm and a leg." 
 P4 in vivo: “Then you get to the cost of the support, and not everybody can 
do that.” 
These two open codes were merged into the following aggregated code that 
warranted the creation of a new concept—being frugal: 
 Being frugal decreases reaching out to fee-based support 
This code shows that the financial constraints of elderly women and their degree 
of frugality have a significant impact on their propensity to use fee-based support. 
These two concepts are different:  financial constraint is state, whereas frugality is 
a trait. However, they can jointly formulate the concept “being frugal”, either by 
state or by trait, in the context of EWHTA. The introduction of this concept in the 
parking lot map can explain that the more frugal the elderly women, the more likely 
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she will be reaching out to different free community support, as depicted in Figure 
6 - 11.  
 
 
Figure 6 - 11 Being frugal was formulated from opposing cases 
As observed in Figure 6 - 11, the visual filtering feature in Mental Modeler11 was 
instrumental in facilitating the display of all the links to and from each concept 
and to ensure no link is missed. 
6.2.3. Standardization across Maps (Research Step 8) 
Once the iterative analysis of the cognitive maps provided no further insight (i.e., 
no new concepts or links were found), the standardization process followed. At this 
point, all the standardized concepts had accumulated in the parking lot map, which 
provides an effective visual cue for all the concepts that need to be crosschecked 
across the cognitive maps of the various pairs. The parking lot map also has more 
generalizable terms for the concepts, because it has gone through iterative inter-
map analysis. However, at the earlier step, the focus was on the creation of the 
                                                 
11 Mental Modeler is a free online modeling software accessible at: 
http://www.mentalmodeler.org/ that can be used to draw and simulated capture Fuzzy 
Cognitive Maps.  
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concepts and the links and not so much the consistency across the maps. 
Subsequently, all the cases’ cognitive maps went through accumulative 
standardization, where the related concepts were renamed to a concept name that 
represented a more standard collective meaning. At this time the meanings of the 
concepts were very similar, at least in the context of the research. Most of the time, 
the corresponding concept names in the parking lot were selected as the standard 
concept name, since they had gone through iterative changes during the process 
of content building (step 7). If there was uncertainty whether the standardized 
concept truly represented the corresponding concept in the study of a pair 
participants, their related open-codes were examined to verify that the resulting 
concept still reflects what the open codes suggest. This process was similar to 
Selective Coding in grounded theory approach.   
At the end of this process, all the cognitive maps had been analyzed, and the 
creation of standardized concepts was complete. The exhaustive list of these 
common standardized concepts formed the ontology list (aka codebook), which 
contained all the standardized concepts and their definitions. The ontology list of 
the EWHTA application is depicted in Appendix G.I.  
6.2.4. Identify and Close Gaps (Research Step 9) 
The collected data may not provide the entire picture for the model and hence miss 
some important concepts. This necessitates an analysis of any gap that can be 
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identified. Subsequently, causal hypotheses that can improve the research model 
are proposed.  
For example, during the analysis, formation of “Knowledge about the tech utility” 
emerged as an important factor that contributed to technology’s “Perceived 
Usefulness”. Percieved Usefulness itself was influenced by “Exploring tech”, “Tech 
suggestion, introduction & encouragment”, “Social learning”, and “Technology 
knowledge & experience”. However, further study of the the concept “Knowledge 
about the tech utility” identified an additional gap. An elderly person may be 
exposed to the utility of a technology through other sources of information such as 
a newspaper, an infomercial or the Internet. Consequently, as depicted in Figure 
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6-12, this identified gap was closed by adding the concept “Knowledge about the 
tech utility”.  
 
Figure 6 - 12 Identify & close concept gaps 
6.2.5. Integration of All Standardized Maps (Research Step 10) 
Once all concepts of all cognitive maps were standardized and any potential gap 
was investigated and closed, the integration of the maps followed. This can be 
easily done by expanding every map to contain all the concepts that had emerged 
from the research. This was done by adding the missing concepts to the map’s 
adjacency matrix (explained in the section 3.1.4. Fuzzy Cognitive Map) and 
adjusting all the concepts across the maps in the same sequence. The parking lot 
map described in step 7 comprises all of the concepts that emerged in the 
research, and, as such, their order in the parking lot map can be followed in all the 
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other maps, for consistency. For example, the order of the concepts in the ontology 
list table (Appendix G.I) follows the same order as the parking lot map. 
Integration of the standardized maps of all the cognitive models of pairs follows. 
All these standardized cognitive maps are integrated into one composite model 
that contains the collective knowledge of all elderly participants and their 
gatekeepers. The resulting model highlights the critical drivers and barriers to the 
technology adoption and how these factors influence each other. The integrated 
model (Mapint) also shows if and how gatekeepers influence such key drivers and 
barriers.  
The resulting integrated model is depicted below in Figure 6 - 13.  
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6.3 Quantitative (quan) Data Collection – Converting Cognitive Maps to Fuzzy 
Cognitive Maps 
6.3.1. Model Structure Building (Research Step 11) 
As laid out in the step 11 of the proposed mixed-method in chapter 3, the qualitative 
(QUAL) phase of the research results in the model content. Model structure 
building activity follows. In this step, the information pertaining to the degree of 
influence of each concept on other concepts is gathered. The instrument used for 
this data collection is a survey method administered by walking the elderly 
participants through the designed survey instrument (depicted in Appendix E.I). To 
do this, the same group of elderly women who participated in the QUAL data 
collection was asked to subjectively validate and quantify the causal influences of 
the concepts in the model. To accomplish this, they were asked to assign the 
importance of all the incoming influences to each concept of the model. This meant 
that the survey contained a question for every edge weight. As there were 127 
links identified in the QUAL analysis, 127 total questions needed to be asked (i.e. 
127 choices needed to be made). As depicted in the survey (Appendix E.I) model 
was broken down into sections in which every concept in the model and all its 
influencing concepts were depicted (with the focus being on the indegree links). 
The edge weights of the depicted indegree links were then collected by asking the 
elderly women to identify a degree of influence for each concept under focus. The 
choices corresponded to a 5-point Likert scale [0, 0.25, 0.5, 0.75, 1] and a sixth 
choice to skip answering the question (the respondents can refuse to provide a 
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value for an edge weight of which they are unsure). As detailed in the survey, the 
choices were as follows: 
Choice  Likert Scale 
1. Not important at all 0 
2. Slightly important 0.25 
3. Somewhat important 0.5 
4. Very important 0.75 
5. Most important 1 
 
6. I don't know 
 
 
Removed from the data as unidentified 
Table 6 - 4 Answer choices to quantify the edge weights and their corresponding 5-point 
Likert scale 
The valence of the links had been established in the QUAL phase of the research. 
Since FCM edge weights inherently range from -1 to 1, so do the Likert scales. 
This means that the values range from -1 to +1 in increments of 0.25. Therefore, 
the possible edge weights are: -1, -0.75, -0.5, -0.25, 0, 0.25, 0.5, 0.75, 1. To 
simplify the inquiry for the elderly participants, all the questions were turned to 
positive and the choices provided using positive 5-point Likert scale. This meant 
that the questions were designed in a way that even the negative influences were 
captured by the positive 5-point Likert scale. Subsequently, during the conversion 
of the response data to adjacency matrix of each elderly woman, the values were 
assigned the appropriate positive or negative edge weights.  For example in survey 








Q32 Rate the importance of these factors influencing the relative cost of the activity 




















the actual cost of 
the activity 
tracker (1)  o  o  o  o  o  o  
being frugal (2)  o  o  o  o  o  o  
how useful it is 
(3)  o  o  o  o  o  o  
if it was given to 
you (4)  o  o  o  o  o  o  
 
Figure 6 - 14 Question 32 in quan data collection survey (complete survey in Appendix D) 
Or, in question 30 in Figure 6 – 15 the effect of aging on the self-efficacy is a 






Q30 Rate the importance of these factors influencing the confidence in your ability to 





















seeing others use 
it (1)  o  o  o  o  o  o  
you had working 
experience with 
technology in 
your past career 
(2)  
o  o  o  o  o  o  
the older I get the 
less I feel I can 
figure technology 
out (3)  
o  o  o  o  o  o  
Figure 6 - 15 Question 30 in quan data collection survey (complete survey in Appendix D) 
In these cases (and for all other negative edge weights), the choice description 
embodies the meaning of the negative effect, and, as such, the collected choice is 
translated to a negative Likert scale.  
Unfortunately, two of the fifteen participants who participated in the QUAL research 
were not able to participate in the quan data collection. This resulted in receiving 
thirteen responses that were subsequently translated into thirteen adjacency 
204 
 
matrices. The corresponding adjacency matrix of each elderly woman participant 
is listed in Appendix E.II.  
6.3.2. Network Analysis of Paired FCMs (Research Step 12) 
In the quan data collection (step 11) of the proposed method, in which Map int is 
converted into the fuzzy cognitive map, FCMint, the edge weights of the final 
method are calculated using Equation 6 - 1. The formula simply averages all the 
edge weights received from the survey, removing the “I don’t know” responses in 
the process.  





Equation 6 - 2 Proposed edge weights calculation formula 
Where  
𝑅𝑖
′ is number of participants that didn’t provide edge weight for 
the ith link 
R  is total number of respondents  
𝐿𝑖 is the edge weight of the ith link 
Studying the participants’ responses suggested that there was diversity in the 
participants’ subjective judgments of the edge weights. This diversity needed to be 
studied to rule out factors that could reduce the integrity of the model. For example, 
the variability of edge weights (from the responses) could suggest that there are 
clusters of models and that no single one can aggregate all the elderly women’s 
mental models. Or, it could be that, despite the elderly women being walked 
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through the survey, they still didn’t completely comprehend the questions. Hence, 
some of their responses may not have been completely accurate. To analyze this 
diversity of the opinions, the most relevant Network Analysis (SNA) techniques 
were applied to analyze the structure of every elderly woman’s FCM. As depicted 
in the adjacency matrices in Appendix E.II. Adjacency Matrices of the Elderly 
Women Participants), the contents of these FCMs were almost identical and their 
structures varied only slightly (the only variation being the magnitude of the edge 
weights). These similarities between graphs make most SNA techniques, which 
primarily study the variation in the graphs’ contents, inadequate. At the time of this 
dissertation, the most appropriate technique found to study network similarity for 
models with only slight variation in structure is Eigenvalue Method (Koutra, et al., 
2011; Papadimitriou, et al., 2010).  The Eigenvalue Method was implemented 
based on a network similarity index (eigenvector).  
For my dissertation research, I deployed the algorithm listed in E.III. Clustering 
FCM Algorithm, which was developed by Payam Aminpour at Michigan State 
University (Aminpour, 2018). This algorithm implements the Eigenvalue Method in 
the following order. First, a reference graph is designated. For this dissertation, I 
designated the average adjacency matrix calculated from Equation 6 - 3; however, 
other matrices could have been selected. The point of this matrix is to provide a 
reference graph to which all other graphs are compared. Second, the similarity of 
the 13 pair FCMs to the reference graph (here, Average FCM) was measured. The 
similarity was calculated using the Eigenvector Similarity Index (ESI). A variety of 
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different similarity indices exist, but the ESI is used here, because one of the 
important features of a graph is the vector of its eigenvalues, which contains 
important structural information about the graph. The ESI explains that, if two 
graphs possess more similar eigenvectors, then they are more similar. Third, the 
calculations for each pair FCM resulted in a number that represented the similarity 
of the pair FCM to the reference graph. This could be interpreted as each graph 
being a point in a line and the similarity being the distance between each FCM 
point and the reference point (e.g. depicted in the first section of Figure 6 - 16. 
Finally, a clustering algorithm (K-mean) indicated that the points that were close 
together formed a cluster. The output of the execution of this algorithm on the 
average FCM and the 13 participant pairs’ FCMs is depicted in Figure 6 - 16. 
 
Figure 6 - 16 Output of clustering FCM based on Eigenvector similarity index 
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 This suggested that the case study data set consists of two clusters of FCMs: 
- First Cluster: P1, P2, P5, P7, P8, P10, P11, P12, P13  
- Second Cluster: P3, P4, P6, P15  
To understand why the structure of these two clusters of FCMs are different and if 
this difference is rooted in the elderlies’ demographic or environmental factors, the 
profiles of the participants were reanalyzed. To do this, different identifiers of the 
population of elderly women in the study were itemized and values between [-
100% to 100%] were assigned to show the presence and the strength of each 
identified factor [-100% being the least and 100% being the most].  
 
Table 6 - 5 Participants’ profile information  
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Table 6 – 5 shows that the major difference between the two clusters is the elderly 
woman’s degree of connectedness/isolation. In other words, the elderly women in 
the first cluster were all well connected to their family and had family gatekeepers 
who immensely influenced their technology adoption. On the other hand, the 
second cluster’s participants were all socially isolated (-100% score in the 
connected criterion). They hardly had gatekeepers who could motivate and 
facilitate their health technology adoption. This suggested that the integration of 
the FCMs should happen at the cluster level. There should be two models, one for 
each cluster, where each model respectively represents the collective mental 
model of each group of elderly women.  
The two models were calculated based on the average formula of the participants’ 
adjacency matrices in each cluster. The results of these calculations are displayed 
in Appendix E.V. Adjacency Matri and Appendix E.VI. Adjacency Matri. The 
Connected Cluster Adjacency Matrix in Appendix E.V has no “social circle” node, 
as all the edge weights associated with this concept equal 0 for this cluster. All the 
edge weights that differ from those of Total Population Adjacency Matrix in 
Appendix E.VI. are highlighted in these two cluster matrices.  
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6.4 Quantitative (quan) Analysis – Model Evaluation (Research Step 13) 
The Network Analysis of the data arrived from the quan data collection suggested 
that not all of elderly women’s mental models can be integrated into one aggregate 
model. Fascinatingly, it became apparent that the participants’ mental models 
identify two market segments, namely, socially isolated elderly women and socially 
connected elderly women.  This warranted the division of the data set into two 
corresponding segments. Therefore, two FCM models, each of which aggregated 
one of the identified clusters, were created by following the Equation 6 - 2 Proposed 
edge weights calculation formula. FCMIsolated refers to the FCM model that aggregates 
the group of isolated elderly women and FCMConnected refers to the FCM model that 
aggregates the group of connected elderly women.  
In this phase of the research, the resulted FCM models should be validated using 
the evaluation scenarios detailed in the following three sections. As Sterman 
posits: 
“all models are wrong… all models, mental or formal, are limited, 
simplified representations of the real world. They differ from reality 
in ways large and small, infinite in number.”  
“No model has ever been or ever will be thoroughly validated. . . 
“Useful,” “illuminating,” “convincing,” or “inspiring confidence” are 
more apt descriptors applying to models than “valid.” 
(Sterman, system dynamics page 846) 
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This highlights the fact that no model can be fully validated. However, since this 
dissertation claims to have proposed a useful empirical model building method, the 
claim can be validated by testing the usefulness of the resulted models. The 
following groups of tests (Sterman, 2000), as laid out in the chapter 3, can provide 
the adequate measures to test the integrity of the models.  
In the three following sections, detailed information about the data set, like the 
elderly profiles in Appendix H is useful in the scenario planning.  
Each one of the following sections embodies a set of scenarios that need to be 
simulated. Since these sets of scenarios need to be simulated per each FCM 
model, each section contains two tables that each summarize the simulations for 
an FCM model. For example, Table 6 - 6 shows the information about simulations 
of the FCMConnected model and Table 6 - 7 Extreme Condition Tests of FCMIsolated 
model for the extreme condition tests scenarios. The rows in these tables denote 
two types of concepts: input concepts (aka start vectors) and output concepts. The 
concepts in the start vectors section represent the minimum set of concepts that 
best represents the scenarios. They are set as the start vector, and they are set to 
stay unchanged throughout the simulation. All other concepts are not displayed in 
these tables. Their values have been set to zero initially, but they change as the 
simulations progress. The concepts in the output section represent the behavior of 
the model.  
The first three columns of each table respectively denote concept type, concept 
number in the model adjacency matrices and concepts names. The remaining 
columns refer to the scenarios under consideration. Every number in the table 
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represents the value of the particular concept for the scenario of that column.  The 
elements of the output section denote the values of the output concepts that did 
not change by more than 0.001 (epsilon value) from iteration to iteration. For each 
simulation, the number of iterations that resulted in stable outputs is recorded in 
the row marked as “Stability Iteration #”.   
 
6.4.1. Extreme Condition Tests 
The FCM models need to be tested under extreme conditions to ensure they 
behave realistically (Sterman, 2000, page 869). For this, both FCMIsolated and 
FCMConnected were simulated for the following extreme scenarios, in order to ensure 
the model’s behavior reflects reality.  
ECT- Scenario 1: The technology is neither useful nor is it easy to use.  
Expected models behavior: The model should suggest neither intention nor 
adoption. 
ECT- Scenario 2: Elderly has no access to established support channels. 
Expected models behavior: The model should suggest no adoption, regardless of 
intention to adopt. 
ECT- Scenario 3: Elderly has a very negative attitude toward technology.   
Expected models behavior: The model should suggest no adoption intention. 
ECT- Scenario 4: Elderly has a strong resistance to change her way of life (i.e. 
adopt technology).   
Expected models behavior: The model should suggest no adoption intention. 
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ECT- Scenario 5: Elderly is too old. 
Expected models behavior: The model should suggest no adoption intention. 
ECT- Scenario 6: The technology is objectively excellent both in usefulness and 
ease of use.  
Expected models behavior: The model should suggest adoption intention. 
ECT- Scenario 7: Elderly has full access and actively reaches out to the 
established support channels. 
Expected models behavior: The model should suggest adoption. 
ECT- Scenario 8: Elderly has a very positive attitude toward technology. 
Expected models behavior: The model should suggest adoption intention. 
ECT- Scenario 9: Elderly has no resistance to adopting new technology. 
Expected models behavior: The model should suggest adoption intention. 
These scenarios are simulated in Excel following the process detailed in section 
3.1.4. Fuzzy Cognitive Mapping section. (A typical FCM simulation in depicted in 
the Figure F -1. Table 6 - 6 provides the details extreme condition tests simulations 
of FCMConnected, and Table 6 – 7 extreme condition tests simulations of FCMIsolated. 
Each of the 9 columns, on the right of the tables, show the details of one of the 
scenarios designed above.  For each scenario, the minimum set of concepts that 
best represent the scenario are set as the start vector and are set to stay 
unchanged throughout the simulation. The two output variables (Adoption and 
Adoption Intention) are recorded when their values became stable through the 
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iterations of the simulation. The values considered stable when their changes from 
the last iteration of the simulation were less than 0.001 (epsilon).  
The evaluations of the two models’ integrity in the extreme condition tests are both 
successful as the simulation results of the 9 described scenarios are aligned with 
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the expected behaviors. This can be observed by comparing the expected 
 
Table 6 - 6 Extreme Condition Tests of FCMConnected model 
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behaviors posited earlier with the output values as listed in the bottom two rows
 
Table 6 - 7 Extreme Condition Tests of FCMIsolated model 
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In Table 6 – 6 and Table 6 -7. 
6.4.2. Behavior Reproduction Tests 
Models should behave as expected. During the qualitative analysis phase of the 
case study of this dissertation, some dominant themes were identified (detailed in 
the participants’ profiles Appendix H. These themes highlights the typical 
successful and unsuccessful EHTA scenarios that can be used to verify whether 
the model produces those same expected behaviors. Following scenarios and their 
expected behaviors are proposed for this step of the models’ evaluation.  
For isolated elderlies: 
BRT- Scenario 1: The positive effects of technology experience trumps social 
isolation. In other word, if the elderly woman has technology experience, she will 
adopt a good technology even if she is socially isolated.  
BRT- Scenario 2: The effects of positive attitude toward technology trumps social 
isolation. In other word, if the elderly woman has positive attitude toward 
technology, she will adopt a good technology even if she is socially isolated.  
BRT- Scenario 3: Those socially isolated elderly women who have negative 
attitude toward technology will not adopt.  
BRT- Scenario 4: Those socially isolated elderly women who have no previous 
technology experience has a really low chance of technology adoption.   
For connected elderlies: 
BRT- Scenario 1: The positive effects of technology experience trumps the weak 
gatekeeping influences and support. In other word, if the elderly woman has 
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technology experience, she will adopt a good technology even if she is not close 
to her family and her gatekeeping support is weak.  
BRT- Scenario 2: The effects of positive attitude trumps the weak gatekeeping 
influences and support. In other word, if the elderly woman has technology 
experience, she will adopt a good technology even if she is not close to her family 
and her gatekeeping support is weak.  
BRT- Scenario 3: Elderly woman with strong Gatekeeping influence will adopt a 
good product even if she is socially isolated otherwise.  
BRT- Scenario 4: Strong Gatekeeping effects trump lack of access to other 
support channels.  
For both group: 
BRT- Scenario 5: As identified in the analysis, the recommendation of a 
technology by the elderly women’s clinician is very important in her decision to 
adopt and hence both models simulating should show this salience (I.e. if clinician 
recommends the technology both the models should indicate adoption.  
BRT- Scenario 6: While strong gatekeeping influence for connected EW can 
trump inexperience, strong facilitating conditions for the isolated EW, in the 
absence of other driving forces, can’t by itself lead to technology adoption.  
BRT- Scenario 7: In each group younger elderly women have much higher chance 
of technology adoption than the older elderly women, however a connected EW 
has a higher chance of adoption than an isolated EW. To test this scenario, two 
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similar scenarios with different values for aging concepts are simulated for each 
group and values are compared.  
Similar to the extreme condition tests scenarios, these scenarios were simulated 
in Excel following the process detailed in the section 3.1.4. Fuzzy Cognitive 
Mapping. Table 6 -8 and Table 6 -9 show details parameters of the simulations. In 
these tables, the columns in white, show the details of each of the scenarios 
designed above.  For each scenario, the minimum set of concepts that best 
represent the scenario are set as the start vector and are set to stay unchanged 
throughout the simulation. The two output variables (Adoption and Adoption 
Intention) are recorded when their values became stable through the iterations of 
the simulation. The values considered stable when their changes from the last 
iteration of the simulation were less than 0.001 (epsilon). For each simulation the 
number of iterations that resulted in stable outputs are recorded in the row marked 
as “Stability Iteration #”. 
The results of the simulations show that both the FCMIsolated and FCMConnected 
models are successfully reproducing the expected behaviors. This can be 
observed by comparing the expected behaviors posited earlier with the output 












































































































c12 Aging & cognitive decline 0.5 1
c13
Technical knowledge & 
experience 1 -1
c17 Tech capabilities 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
c24
Gatekeeper physical 
proximity 0 0 1 1 1
c30 Community tech support -1
c34
Having gatekeeping 
daugther 0 0 1 1 1
c36 Gatekeeper tech savviness 0 0 1 1 1





Positive attitude toward 
tech 1
c45 Resistance to change
c50
Free limited professional 
support -1
c51
Having tech savvy social 
circle 0 0 -1
c52 Established tech support -1




c55 Closeness to family 0 0 1 1 1
c56 Having gatekeeping freind -1
c57
Having gatekeeping 
grandkids 0 0 1 1 1
c59 Having grandkids 0 0 1 1 1
c60
Having other gatekeeping 
family members 1 1 1
c61
Other sources of 
information -1
# Stability Iteration # 12 15 9 9 12 11 22 9
c1 Adoption 0.85219 0.79802 0.89419 0.89292 0.8378 0.87345 0.63287 -0.8939

























































































































c12 Aging & cognitive decline 0.5 1
c13
Technical knowledge & 
experience 1 -1 -1
c17 Tech capabilities 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
c24
Gatekeeper physical 
proximity 0 0 0 0
c30 Community tech support 1
c34
Having gatekeeping 
daugther 0 0 0 0
c36
Gatekeeper tech 
savviness 0 0 0 0
c39 Local group training 1
c42 Clinician recommendation 1
c44
Positive attitude toward 
tech 1 -1
c45 Resistance to change
c50
Free limited professional 
support 1
c51
Having tech savvy social 
circle 0 0 0 0
c52 Established tech support




c55 Closeness to family 0 0 0 0
c56 Having gatekeeping freind
c57
Having gatekeeping 
grandkids 0 0 0 0
c59 Having grandkids 0 0 0 0
c60
Having other gatekeeping 
family members
c61
Other sources of 
information 1
# Stability Iteration # 11 14 9 12 12 15 14 7
c1 Adoption 0.8785 0.8557 -0.606 -0.827 0.8501 -0.225 0.3748 -0.896















6.4.3. Sensitivity Analysis  
In this section, using sensitivity analysis technique, the stability of the conclusion 
of the models checked to see if their conclusions are changed significantly when 
the assumptions varies in the possible range of uncertainty (Sterman, 2000, page 
883). As the two EWHTA models here are behavior models, the “behavior mode” 
is the relevant type of sensitivity analysis that should be conducted here. The 
following important concepts are considered for analyzing the sensitivity of the 
behavior of both the FCMIsolated and FCMConnected models.  
SA-1 Scenarios: How stable are the models’ behaviors when age varies from -1 
(youngest) to 1 (oldest). 
The older the elderly woman the less likely she will adopt a technology. To do this, 
each FCM model should be simulated for a range of values for “aging” concept, 
and the simulation result should show a decreasing value trend as the value of 
aging increases. 
As per the simulation results (Adoption and Adoption Intention) in Table 6 -10 and  
the graph of Figure 6 - 17, the model FCMIsolated is adequetely sensitive to the 
changes in the “Aging and cognitive decline” concept. Similarly, the simulation 
results (Adoption and Adoption Intention) in Table 6 – 11 and the graph of Figure 
6 – 18, , both shows that the model FCMConnected is adequetely sensitive to the 




Table 6 - 10 Sensitivity Analysis of aging effect of FCMIsolated 
 
 










































-1 0.5 6 0.8982 0.9595
-0.8 0.5 7 0.8959 0.9473
-0.6 0.5 8 0.8903 0.9236
-0.4 0.5 9 0.8746 0.8699
-0.2 0.5 11 0.8116 0.7255
0 0.5 14 0.3748 0.3056
0.2 0.5 13 -0.639 -0.387
0.4 0.5 11 -0.846 -0.748
0.6 0.5 9 -0.881 -0.872
0.8 0.5 8 -0.892 -0.922








-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1





Table 6 - 11 Sensitivity Analysis of aging effect of FCMConnected 
 
 










































-1 0.5 8 0.8968 0.9648
-0.8 0.5 9 0.8932 0.9571
-0.6 0.5 9 0.8856 0.9435
-0.4 0.5 11 0.8691 0.9177
-0.2 0.5 14 0.823 0.8589
0 0.5 22 0.6329 0.6577
0.2 0.5 26 -0.646 -0.535
0.4 0.5 15 -0.842 -0.833
0.6 0.5 11 -0.876 -0.903
0.8 0.5 9 -0.888 -0.932
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SA-2 Scenarios: How stable are the models’ behaviors when social influence 
varies.  
What is here referred to as social influence are the different forces that positively 
influence EWHTA outcome. For the two groups modeled in FCMIsolated and 
FCMConnected, these influences are coming from different environmental factors. In 
the case of isolated elderly women, these influences are coming mainly from the 
support channels. In the case of connected elderly women, these influences are 
exert by the EW’s tech savvy social circle, and particularly her immediate family 
members. Subsequently, the simulations of each of FCMIsolated and FCMConnected 
are conducted by capturing simulation results when these influences vary in the 
possible range of -1 to 1.  
The sensitivity analysis of FCMIsolated, as observed in Table 6 - 12 and Figure 6 - 
19 Support Influence Sensitivity Analysis of FCMIsolated the sensitivity analysis of 
the FCMConnected can depict the technology adoption challenge of isolated elderly 
women. The sharp contrast between the technology adoption rate of the two 
elderly group is evident in the graphs of this sensitivity analysis. Conversely, the 
simulation results of the FCMConnected social influence sensitivity analysis as shown 




Table 6 - 12 Social Influence Sensitivity Analysis of FCMIsolated 
 
 
Figure 6 - 19 Support Influence Sensitivity Analysis of FCMIsolated  





















































































-1 -1 -1 -1 -1 0.5 11 -0.5944 0.075
-0.8 -0.8 -0.8 -0.8 -0.8 0.5 11 -0.569 0.1154
-0.6 -0.6 -0.6 -0.6 -0.6 0.5 11 -0.531 0.1599
-0.4 -0.4 -0.4 -0.4 -0.4 0.5 11 -0.4535 0.2073
-0.2 -0.2 -0.2 -0.2 -0.2 0.5 14 -0.2042 0.2576
0 0 0 0 0 0.5 14 0.3748 0.3056
0.2 0.2 0.2 0.2 0.2 0.5 13 0.6737 0.3506
0.4 0.4 0.4 0.4 0.4 0.5 11 0.7554 0.3902
0.6 0.6 0.6 0.6 0.6 0.5 11 0.7801 0.4264
0.8 0.8 0.8 0.8 0.8 0.5 11 0.7933 0.4573
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Table 6 - 13 Social Influence Sensitivity Analysis of FCMConnected 
 
Figure 6 - 20 Social Influence Sensitivity Analysis of FCMConnected 
Figure 6 – 21 shows how sharply gatekeeping influences can increase the rate of 























































































































































-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0.5 10 -0.888 -0.887
-0.8 -0.8 -0.8 -0.8 -0.8 -0.8 -0.8 -0.8 -0.8 -0.8 0.5 10 -0.887 -0.885
-0.6 -0.6 -0.6 -0.6 -0.6 -0.6 -0.6 -0.6 -0.6 -0.6 0.5 10 -0.886 -0.88
-0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 0.5 11 -0.884 -0.87
-0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 0.5 13 -0.87 -0.822
0 0 0 0 0 0 0 0 0 0 0.5 22 0.6329 0.6577
0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.5 10 0.8846 0.9044
0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5 9 0.8919 0.922
0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.5 9 0.8937 0.9268
0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.5 9 0.8944 0.9286
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under 1 even for a moderate influence of 0.4 degree. The sharp sensitivity of the 
TA output concepts hints the colossal effect of gatekeeping influence. 
SA-3 Scenarios: How stable are the models’ behaviors when the level of 
experience changes.  
Similar to the earlier set of scenarios, the variations in the model behaviors are 
captured for the varying level of experience in the possible range of -1 to 1. 
These sensitivity analysis scenarios simulations suggest that while even little 
experience can significantly increase TA among connected elderly women, 
isolated elderly women need a lot of technology experience to warrant TA. This is 
evident by comparing Figure 6 - 21 and Figure 6 - 22 simulations start to plateau 





Table 6 - 14 Experience Sensitivity Analysis of FCMIsolated 
 
 














































-1 0.5 12 -0.8 -0.7
-0.8 0.5 12 -0.8 -0.6
-0.6 0.5 12 -0.7 -0.5
-0.4 0.5 12 -0.5 -0.2
-0.2 0.5 14 -0.1 0.03
0 0.5 14 0.37 0.31
0.2 0.5 14 0.66 0.52
0.4 0.5 12 0.77 0.66
0.6 0.5 11 0.82 0.75
0.8 0.5 9 0.85 0.8
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Table 6 - 15 Experience Sensitivity Analysis of FCMConnected 
 
 
Figure 6 - 22 Experience Sensitivity Analysis of FCMConnected 















































-1 0.5 20 -0.795 -0.748
-0.8 0.5 24 -0.737 -0.645
-0.6 0.5 30 -0.572 -0.41
-0.4 0.5 33 -0.067 0.08
-0.2 0.5 29 0.417 0.469
0 0.5 22 0.633 0.658
0.2 0.5 18 0.736 0.76
0.4 0.5 15 0.79 0.822
0.6 0.5 14 0.822 0.861
0.8 0.5 13 0.84 0.887
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Theoretically, the better quality and more suitable the product the more likely EW 
will adopt it. To do this, each FCM model should be simulated for a range of 
technology characteristics (concepts in yellow) which influence perceived 
usefulness and ease of use in the possible range of -1 to 1 to see the change in 
the behavior of the models. It’s important to note that while some of the 
characteristics are the desirable and some undesirable, so when changing the 
valence of the numbers should be assigned accordingly. Tech automaticity, getting 
health information, Tech usability & accessibility, Tech capabilities, Tracing 
activities, Tech simplicity & familiarity, and Tech aesthetic appeal are all desirable 
concepts. Tech cost, Tech maintenance, Tech making E look old, and Lack of tech 
robustness are the undesirable concepts and when the desirable concepts are 
assigned high numbers, these concepts are assigned the same number with the 
opposite valence (as observed in the simulations start vectors on the left side of 
the stability iteration # in Table 6 - 16 and Table 6 - 17).  
The results of these set of scenarios depicted a similar trend to that of the earlier 
sensitivity analysis scenarios, in which start vectors simulating more desirable 
states show TA improvement in both FCMIsolated and FCMConnected. However, 
FCMConnected reaches the TA plateau much faster than FCMIsolated. As also 
suggested in an earlier publication (Rahimi et al., In Press) and in line with the 
reality, little improvement in products make more significant TA improvement in the 




Table 6 - 16 Product Characteristics Sensitivity Analysis of FCMIsolated 
 
 
































































































































-1 -1 -1 -1 -1 -1 1 1 1 1 -1 8 -0.865 -0.936
-0.8 -0.8 -0.8 -0.8 -0.8 -0.8 0.8 0.8 0.8 0.8 -0.8 8 -0.86 -0.931
-0.6 -0.6 -0.6 -0.6 -0.6 -0.6 0.6 0.6 0.6 0.6 -0.6 8 -0.85 -0.922
-0.4 -0.4 -0.4 -0.4 -0.4 -0.4 0.4 0.4 0.4 0.4 -0.4 9 -0.832 -0.898
-0.2 -0.2 -0.2 -0.2 -0.2 -0.2 0.2 0.2 0.2 0.2 -0.2 12 -0.771 -0.799
0 0 0 0 0 0 0 0 0 0 0 3 0 0
0.2 0.2 0.2 0.2 0.2 0.2 -0.2 -0.2 -0.2 -0.2 0.2 12 0.7713 0.7992
0.4 0.4 0.4 0.4 0.4 0.4 -0.4 -0.4 -0.4 -0.4 0.4 9 0.8318 0.8983
0.6 0.6 0.6 0.6 0.6 0.6 -0.6 -0.6 -0.6 -0.6 0.6 8 0.8501 0.9217
0.8 0.8 0.8 0.8 0.8 0.8 -0.8 -0.8 -0.8 -0.8 0.8 8 0.8595 0.9311














Table 6 - 17 Product Characteristics Sensitivity Analysis of FCMConnected 
 
 
Figure 6 - 24 Product Characteristics Sensitivity Analysis of FCMConnected 
The execution of the three levels of model validation criteria—extreme condition 
tests, behavior reproduction test, and sensitivity analysis conducted here, all 
































































































































-1 -1 -1 -1 -1 -1 1 1 1 1 -1 8 -0.841 -0.942
-0.8 -0.8 -0.8 -0.8 -0.8 -0.8 0.8 0.8 0.8 0.8 -0.8 8 -0.835 -0.938
-0.6 -0.6 -0.6 -0.6 -0.6 -0.6 0.6 0.6 0.6 0.6 -0.6 9 -0.827 -0.932
-0.4 -0.4 -0.4 -0.4 -0.4 -0.4 0.4 0.4 0.4 0.4 -0.4 11 -0.813 -0.916
-0.2 -0.2 -0.2 -0.2 -0.2 -0.2 0.2 0.2 0.2 0.2 -0.2 14 -0.775 -0.865
0 0 0 0 0 0 0 0 0 0 0 3 0 0
0.2 0.2 0.2 0.2 0.2 0.2 -0.2 -0.2 -0.2 -0.2 0.2 14 0.7749 0.8647
0.4 0.4 0.4 0.4 0.4 0.4 -0.4 -0.4 -0.4 -0.4 0.4 11 0.813 0.9165
0.6 0.6 0.6 0.6 0.6 0.6 -0.6 -0.6 -0.6 -0.6 0.6 9 0.8271 0.9316
0.8 0.8 0.8 0.8 0.8 0.8 -0.8 -0.8 -0.8 -0.8 0.8 8 0.8352 0.9383













the integrity of the two FCM models are validated and they can be successfully 
used for scenario planning to answer what-if questions and supporting decision 
making.  
6.5 Method Evaluation 
6.5.1. Method Evaluation Summary 
The case study, as detailed in the first four earlier sections of this chapter (Sections 
6.1, 6.2, 6.3, 6.4), presented a successful implementation of the proposed mixed-
method research method. The integrity of the emerged FCM models were 
successfully evaluated by simulation the models for extreme conditions, expected 
behavior, and sensitivity analysis. As such the FCM models are ready to be used 
as simultion models.  
This dissertation takes an additional step beyond the proposed research method. 
In this dissertation, subject matter experts are asked to comment on the overall 
research method and the usefulness of the FCM model. This enhances the validity 
of the method, as the model will be judged by the actual practitioners in the field of 
EHTA.  
This dissertation aims to respond to the call to arms to overcome method scarcity 
in the field of EHTA by creating and applying an empirical research method. As 
detailed in chapter 2, the need for such empirical research methods is rooted in 
inability of abstract technology adoption theories to provide actionable insight. 
Hence, the claim of this dissertation to have contributed to plurality of research 
methods that can conceptualize general technology adoption theories, in order to 
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provide detailed understanding of the factors involved in EHTA, need to be 
assessed.  
In the following sections of this chapter, the proposed method is evaluated based 
on the criteria that emerged from the extensive literature review summarized in 
chapter 2 (specifically section 2.6—Summary of the State of the Art).  
The careful hand selection of the different techniques used in the proposed method 
was a result of investigating best tools that can fulfill the requirement for successful 
research methods. The following sections discuss some of these characteristics 
that fulfilled the highlighted gaps that serve as criteria for effective research 
method.  
The proposed method is evaluated based on the criteria that are displayed in Table 
6 - 18. The columns in this table denote the requirements for a useful, empirically 
grounded model, as determined by the review of the literature in section 2.7. 
Henceforth in this section, each requirement is underlined when mentioned. The 
rows are the steps taken to ensure that the proposed model facilitates the delivery 
of these requirements. These steps consist of overall methodological design 
approaches, method technique choices and the SME judgements. The 
checkmarks indicate that a particular attribute of this method has satisfied a 





























































Method design         
Theory first approach        
Including gatekeeper's 
perspective         
Methodological choice         
Fuzzy Cognitive Mapping         
Ethnographic Interview         
Mixed-method approach         
FCM Modeling & Simulation         
SME judgement        
Table 6 - 18 Proposed model meets evaluation criteria 
 
6.5.2. Methodological Design 
Including gatekeeper data collection to the research: Including the insights 
from both the elderly women and their gatekeepers in the qualitative phase of the 
research facilitates emergence of learning that is empirically grounded and 
improves data triangulation. This practice also enhances the method’s capacity to 
identify latent needs and find holistic data that emerges from integrating the 
perspective of the elderly woman with that of her gatekeeper. For example, 
elderly’s desire to connect with loved ones through the use of wearables referred 
to a latent needs that would not have been discovered, if the gatekeeper had not 
participated in the research.  
236 
 
Theory first approach:  As per earlier investigations (Rahimi & Jetter 2015; 
Rahimi et al., 2016), UTAUT proved to be the most appropriate theoretical 
foundation for contextualizing EHTA. Therefore, it was selected as the baseline 
that the proposed method would extend. This deductive approach of the research 
method enabled quick contextualization and expansion of the known main 
constructs proven to be critical in technology adoption. This approach leveraged 
the efficiency of the research method by finding the salient novel insights without 
the need to search for the main constructs that pertain to the adoption. This is 
particularly important for this proposed method, which is intended to become a 
practical consumer market research method that can be used by essentially any 
researcher interested in the EHTA industry. These researchers may not 
necessarily be aware of the extant theories. Thus, having theory-first-based 
research method at their disposal would increase the efficiency of their efforts at 
building consumer market research models.  
6.5.3. Method Choices 
Fuzzy Cognitive Mapping, Modeling and Simulation: These criteria are well 
aligned with the inherent modeling and simulation-ready characteristics of Fuzzy 
Cognitive Mapping. Fuzzy cognitive mapping yields directed graphs, enhance the 
modeler’s ability to visualize key concepts in EHTA. This is readily apparent in the 
case study in chapter 6, which yielded to two integrated FCM models depicted in 
Appendix G (FCMConnected and FCMIsolated). While that map is not cognitively simple 
to view in its entirety, the filtering tools provided by the presentation software can 
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highlight a subset of the map to show one segment at a time. This capability can 
be seen in some of the figures in section 6.2 (e.g. Figure 6 - 11), as it has been 
used in the QUAL analysis section. 
Fuzzy Cognitive Mapping has also been proven to provide a flexible framework for 
capturing knowledge (Liu, 2003). A concept or a causal link that emerges in later 
stages of analysis can be added to a well-established model without complications. 
It can also be tested easily by using simulations. Furthermore, the simulation 
capability of FCM is best suited for scenario planning, which helps with addressing 
what-if scenarios (see chapter 7).  
Mixed-method approach: The proposed research method deploys a mixed-
methods approach, which takes advantage of the benefits provided by qualitative 
and quantitative research methods. The qualitative research phase (QUAL) was 
designed to best extract grounded and holistic information without preconceived 
assumptions of key concepts. The qualitative research method’s capacity to 
extract grounded insights was the reason it was selected as the dominant 
component of the proposed research method. During the subsequent quantitative 
research phase (quan) quantified weights were assigned to the causal links that 
had emerged during the earlier qualitative research. This facilitated the creation of 
the quantified part of the FCM, which allows for simulation and scenario planning.  
Ethnographic Data Collection Method: As mentioned in chapter 2, there were 
numerous complaints raised in the EHTA literature about a lack of understanding 
of how the elderly perceive health technology and how they decide on whether to 
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reject or adopt. The ability of a modeling approach to integrate holistic, first hand 
user data was highlighted as an important requirement to address the lack of 
information in EHTA. This requirement became the compelling reason for selecting 
ethnographic interviews in the repertory-grid techniques that were used for the 
qualitative phase of the mixed-method. Additionally, some concepts that were not 
the subject of the enquiry, emerged from ethnographic data collection method. 
Some of these concepts ultimately pointed out some of the elderly women’s latent 
needs. These subtle references would not have surfaced, were it not for the free 
data inquiry that characterizes this data collection technique and the deep analysis 
nature of qualitative research. This resulted in the emergence of information that 
would not have occurred to the participants. For example, the emergence of the 
concept “Tech making elderly look old” pointed to a latent needs that would not 
have emerged without conducting an ethnographic interview.  
6.5.4. SME Judgement 
To enhance the credibility of the proposed method evaluation and the empirical 
value of the resulting FCM decision support model, the informal judgment of three 
subject matter expert in the field of EHTA was sought. From the feedback received, 
the research obtained a sanity check and a set of suggested scenarios for the 
model to test and discuss the expected behavior suggested by the model.   
This additional informal inquiry served as an unbiased judgment of the practical 
usefulness of the proposed research method and the model that resulted from the 
EWHTA case study. It also substantiated the value of the method as a consumer 
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market research method, and in doing so enhanced the credibility of my 
dissertation. 
The three subject matter experts (SMEs) who were interviewed had an academic 
background and industry experience in the intersecting fields of EHTA—
gerontology, health technology product development and adoption. This ensured 
the best judgement regarding the method and the model’s practical usefulness. 
The first SME was the director of one of the most credible elderly health technology 
research institution in United States.  He has also worked as a practitioner in the 
field of EHTA over the past 20+ years. In that role, he routinely evaluates RHMT 
products and makes decisions pertaining to their rollout.  The second SME, a 
professor of neurology in OHSU School of Medicine, is an active researcher and 
practitioner who has also been working closely with different RHMT products in the 
field studies with elderly. The third SME is a PSU professor and a practitioner in 
the field of elderly health product development. As the cofounder of an innovative 
RHMT development company, he determines the characteristics and features of 
that company’s next generation health technology products. 
In each interview, the subject matter expert was walked through the model to 
illustrate the important motivators and inhibitors that emerged from this research: 
1) the factors that influence an elderly woman’s perception of a wearable device’s 
usefulness and ease of use; 2) how her social surroundings influence these 
perceptions, her intention to adopt, and her actual usage behavior; 3) how her 
previous experience and personal traits play into her decision making. The model 
really interested the experts; they judged the model to be useful in their line of 
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business and identified that this would be a good “one stop shop” for understanding 
the elderly woman’s world view. They mentioned that the insights gained can 
support better decision making when it comes to: 1) planning the next wearable 
product; 2) deciding on purchasing the most suitable wearable that has the best 
chance of adoption among a group of elderly; 3) designing the best marketing 
strategy to target people with elderly parents, and 4) developing the best marketing 
strategies for creating advertisements that emphasize the influence categories 
captured in the model. Additionally, the experts pointed out few “what-if” questions 
that were used as scenarios in subsequent simulations. These applications of the 
model are detailed in Chapter 7.  
Furthermore, the SMEs were asked to comment on the proposed method and 
whether it meets the criteria demanded by the literature. Is it holistic and flexible? 
Does it have the ability to capture latent needs? Does it generate visual 
representations? Does it allow for scenario planning? Does it have the capacity to 
provide novel insights? Is it efficient? 
Two of the three SMEs were aware of UTAUT. All three mentioned that they lack 
any systematic approach for conducting consumer market research for the elderly. 
The experts posited that they mainly rely on their experience and usually expect a 
technology to be adopted if it is not obtrusive, if it has low cost, and if the targeted 
consumers exhibit a high self-efficacy. The technology role out manager 
mentioned that their organization rates products with pluses and minuses 
according to the above categories for consideration. The organization also 
identified other drivers such as no interference, no cost to their consumer, no 
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switching costs, no new way of doing it, and no learning requirement. The first SME 
wondered about the generalizability of the model across gender. In addition, he 
was interested in the model’s behavior for different hyper-segmented markets (e.g. 
athletic elderly vs. those who care about the technologies’ aesthetic appeal). The 
second SME also mentioned that, in her current practice, she considers the main 
constructs of UTAUT, but no contextualized information or systematic 
methodology for planning is used. She mentioned that a model like this could be 
helpful. While the model in its entirety was hard to comprehend, the software 
filtering feature facilitated a simple visual representation of elderly’s mental model. 
She particularly liked the capability of honing in on a concept and seeing how it is 
influenced by and influences other concepts. During the walkthrough, she agreed 
with the accuracy of the relationships highlighted in the model, which aligned with 
her expertise as a gerontologist.  
The SME, additionally, stated that the learning from conducting this method and 
the resulting model make it possible for decision makers without a prior academic 
background to gain insights into effective marketing approaches and strategies. 
For example, promotion of such products among middle-aged people 
(gatekeepers) with elderly parents could be an effective advertisement. 
Additionally, the concepts in the blue category (in the model depicted in Figure 6 - 
13), which are the different gatekeeping influences, can show the important 
themes upon which the advertisement could focus. The second SME stated that 
the model not only shows to whom one should market wearables; it also shows us 
how to market them. 
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The third SME with the expertise in HFE also expressed interest in the model and 
in knowing factors that help EHTA. His practice is particularly interested in learning 
how different features of technology should be prioritized based on the elderly's 
perception and preference. When I was using the filtering feature of Mental 
Modeler to show him each section of the model, he often stopped me and asked 
about the concepts and relationships. He mentioned that the insights were 
fascinating and very helpful when it comes to better understanding his consumers, 
their preferences and their needs. He liked the detailed information provided by 
the model. For example, when he saw the concept "Tech making E look old", he 
mentioned that their wearable has a problem with that. He said that they need to 
fix their wearable’s look, and wish he had considered this concept before. He 
expressed concern that new health product developments, particularly in smaller 
innovative companies like his, are done by engineers who have no idea about 
these intricacies. He also mentioned that models like the one produced by the case 
study could be very helpful in helping them understand the elderly needs and 
preferences. He jokingly asked where we were last year when the company was 
debating the features of their wearable. He also stated that, going forward, for 
small companies that innovate wearables, computer-based models like this are 
efficient tools that are instrumental to their decision making.  
In a nutshell, the SME judgement of both the proposed EHTA method and the case 
study EWHTA model was a high passing grade. They liked both the theoretical 
insight that the model provided and its capability to simulate what-if scenarios to 
obtain actionable insights. The model presented them a novel insight about the 
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fact that those theoretical constructs are interdependent and how elderly’s social 
life and the environment influence their technology adoption. In general, they 
judged both the method and the model to be useful for the study of elderly health 




7 Application of the Simulation Model 
The two FCM models were successfully validated in chapter 6 and formed the 
decision support models, as depicted here in Figure 7 – 1 and Figure 7 – 2.  
 






Figure 7 - 2 FCMIsolated model 
These models show that technology adoption is impacted by various factors such 
as product characteristics (concepts in yellow), different facilitating conditions 
(concepts in pink), the elderly women’s personal experience (in white) and the 
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elderly women’s personal traits (concepts in peach color). Some of these factors 
like product features, support and training channels can be controlled and 
determined by decision makers at the companies that develop the products. 
However, some salient factors, namely social support by family members and 
other gatekeepers, are largely beyond the control of product companies. For 
example, can a good technology product make up for unfavorable social support, 
i.e., can we expect technology adoption by a growing number of isolated elderly? 
And, can gatekeeper support make up for the quirks and drawbacks of emergent 
RHMT wearable, which is not yet fully mature?  
The two FCM models can be used to explore these questions by simulating 
scenarios in consideration of different combinations of feature sets and social 
support. In alignment with scenario planning conducted in an earlier publication 
(Rahimi et al., 2018), the following ten scenarios were simulated. As detailed in 
sections 3.1.4, all simulations run with a hyperbolic tangent squashing function 
(Papageorgiou & Salmeron, 2014) and clamping of concepts (Kosko, 1986); GK 
stands for gatekeeper. The results are reported in Table 7- 1 and Table 7- 2.  
In the first four scenarios, it’s assumed that the technology is an average (“good 
enough”) product that was usable but had some flaws, while varying the social 
influences. The product was configured as follows:  
- Medium operating range (i.e. works in the house but not at the far end of 
the yard). This is identified by setting “Tracing activity” to 0 (This concept was set 
to 0.5 for scenarios with better product in scenarios 5 to 10). 
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- works relatively reliably. This is identified by setting “Lack of Robustness” to 
0.5 in scenarios 1 through 4. This concept was set to 0.25 in scenarios 5 through 
10, which represented a more robust product than the one in scenarios 1 through 
4. 
- has features that promote healthy behavior (e.g. step counter). This is 
identified by setting “Getting health information” to 0.5 scenarios 1 through 4. This 
concept was set to 0.75 in scenarios 5 through 10, which represented an activity 
tracker that showed health measures better than the one scenarios 1 through 4.  
Since these scenarios consider various degrees of EW’s social factors, the 
scenarios that represent more isolated EW need to be simulated in FCMIsolated, and 
the ones reflect more connected EW should be simulated in FCMConnected. Different 
pink concepts in the start vectors section of Table 7- 1 and Table 7- 2 shows the 
values that were set to best represent EW facilitating conditions.  The results are 
listed in the two bottom rows of the tables.   
Here is the summary of the 10 scenarios that tries to answer the questions. The 
scenarios that represent the isolated EW are naturally simulated in FCMIsolated and 
the scenarios that represent the connected EW are simulated in FCMConnected. Here 
is the list of scenarios: 
1. OK product but no support 
2. OK product with good gatekeeping support 
3. OK product but low gatekeeping support 
4. OK product but little gatekeeping support 
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5. Better product with good community support 
6. product but little gatekeeping support 
7. Better product with no gatekeeping support 
8. 8a. Better product with better technology support (e.g. EW lives in a retirement 
community with technology support). 
8a. Better product with better social support (e.g. EW has close family). 
9. Better product with good community training 12  and relatively good social 
support  
10. Better product with perfect community training 
Scenario 1—the baseline scenario—refers to EW situations with no social support; 
therefore, the appropriate model for simulating this scenario is the FCMIsolated. The 
simulation results in the lowest negative adoption intention and adoption (listed in 
Table 7- 2), suggesting that adoption is very unlikely.  
Scenario 2 reflects strong influence by gatekeepers, who can provide 
encouragement and facilitate the use of technology; the appropriate model for 
simulating this scenario is the FCMConnected. These gatekeepers tend to be family 
members who had technology knowledge of their own. Hence, the maximum -
value of 1 is assigned to the GK concepts in this scenario. The elderly felt close to 
their gatekeepers and interacted with them frequently during visits and phone calls; 
                                                 
12 ‘Community Training & Support’ represents any type of technology training and support that is 
received for free such as the free technology training and support that is often available in 




they had no fear of asking naïve questions. Scenario 2 resulted in the highest 
adoption intention and adoption rate.  
To reflect different family gatekeeping influence, family gatekeeping concepts are 
initialized with varying values from 0.1—the lowest to 1—the highest: ‘Gatekeeper 
physical proximity’, “Having gatekeeping daughter’, ‘Closeness to family’, ‘Having 
gatekeeping grandkids’, ‘Having grandkids’, ‘Having other gatekeeping family 
members’. To reflect different levels of gatekeeping expertise ‘Gatekeeper tech 
savviness’ concept is initialized with varying values from 0.1—the lowest to 1—the 
highest.  
Scenarios 3 and 4 explored the effect of situations with lower gatekeeper support 
(tested with 0.5 in scenario 3 and 0.1 in scenario 4). These scenarios show that 
the lower the gatekeeping support, the less internally motivated the elderly woman 
tends to be. Similarly, the lower the gatekeeping support, the less likely she is to 
have the resources to learn and use the new unfamiliar technology. Both of these 
scenarios predict lower adoption outcomes (the lower the facilitating condition, the 
lower the chance of adoption).  
I subsequently checked if strong product features offset low levels of gatekeeper 
support: so, in scenario 5, scenario 4 was modified to reflect improved product 
features. This yielded a slightly higher adoption intention and adoption rate for 
scenario 5 than the one that resulted from scenario 4. However, the adoption rate 
for scenario 5 lagged far behind the adoption rate for scenario 2, which involved 
the adoption of a less attractive product, but exhibited moderate levels of 
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gatekeeper support and expertise. This showed that the importance of facilitating 
conditions can trump the importance of the improvement in the quality of the 
product.  
 
Table 7- 1 Simulation Results of scenarios on FCMConnected (all concepts of the model are stable with an 
epsilon of 0.001); the initial value for every other concepts is zero) 
Scenario 6 simulated the adoption of a better product without any social support. 








































































c12 Getting health information 0.5 0.5 0.5 0.75
c13 Aging & cognitive decline 0.5 0.5 0.5 0.5
c17 Tracing activities 0 0 0 0.5
c24
Gatekeeper physical 
proximity 1 0.5 0.1 0.1
c30 Lack of tech robustness 0.5 0.5 0.25 0.25
c34 Having gatekeeping daugther 1 0.5 0.1 0.1
c36 Gatekeeper tech savviness 1 0.5 0.1 0.1
c39 Closeness to family 1 0.5 0.1 0.1
c42
Having gatekeeping 
grandkids 1 0.5 0.1 0.1
c44 Having grandkids 1 0.5 0.1 0.1
c45
Having other gatekeeping 
family members 1 0.5 0.1 0.1
# Stability Iteration # 15 17 17 17
c1 Adoption 0.785 0.743 -0.454 -0.351















again, resulted in a very low adoption outcome, suggesting that improvements to 
the product do not increase the chances of adoption as effectively as social support 
does. So, to some extent, gatekeeper support can compensate for product 
features. This was confirmed in the field, as the isolated elderly women didn’t even 
want to adopt a better activity tracker, even after they had tried it. The elderly 
women reported that family support not only helps them use technology that they 
find difficult to understand—it is also the main driver of their adoption decision.  
Since the EWs’ family dynamics arguably can’t be changed, in the subsequent 
scenarios, we try to explore the effectiveness of facilitating conditions provided by 
sources other than family in isolated EWHTA. These other sources (secondary 
facilitating conditions) are any other people that help the EW with tech training and 
support, including professional (for fee) or free tech support channels and the 
people around the EW who help free of charge. The models have captured the 
different tech support channels in concepts: “Community tech support”, “Local 
group training”, “Free limited professional support”, “Established tech support” and 
“Simple free instruction”. Additionally, the two models embody some concepts to 
capture the gatekeeping effects of EW’s social surrounding (other than family). 
These concepts include “Having tech savvy social circle”, “Having gatekeeping 
friend” and “Social circle”. Therefore, these scenarios set the values of these 
concepts to what is displayed in Table 7- 2. 
In scenario 7, a moderate level of formal support channels are examined to see if 
these support channels can help overcome the adoption gap for isolated elderly 
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who, arguably, would benefit most from RHMT. In scenario 7, the values of these 
concepts are set to 0.5 as displayed in Table 7- 2. Scenario 7 shows a rate of 
adoption that is higher than that in scenario 6, yet much lower than that in the 
family gatekeeper scenarios (scenarios 2 and 3). This is a realistic outcome: even 
a well-designed training service likely cannot provide the multitude of functions that 
family or a friend’s social support provides. This suggests that these support 
channels, just like the influences induced by the family gatekeepers, should find 
ways to actively engage the EW and don’t assume that just their presence in the 
community is enough for the EW to reach out and benefit from them.  
As observed in the case study, isolated elderly women often suffer from a lack of 
tech adoption due to many factors including lack of motivation, exposure and 
support. The varying degree of isolation (or social surrounding) is examined 
hereafter, in scenario 8 to 10, to understand how it influences EWHTA.  
Scenario 8 examines the effect of the limited social surrounding of the isolated EW 
with no close family. The concepts “Having tech savvy social circle” and “Having 
gatekeeping friend” and “Social circle” is set to 0.5 to represent an EW who may 
have few tech savvy friend and may still get out of her house to attend to some 
social activities (like going to church or grocery shopping). The simulation of 
FCMIsolated suggests that she would have much higher chance of HTA compared 
to those without this limited exposure and support (Table 7- 2). This is in line with 
the observation in the field in the case study. This result could be due to the fact 
that these people from the EW’s social circle influence the EW endogenously, even 
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if they cannot provide as much technical information as the formal support 
channels do. They effectively deliver social learning that increases her self-efficacy 
and product awareness to the EW. They are also available to provide low barrier, 
jargon-free support that is not intimidating to the EW. EW in the case study 
mentioned that they were worried about asking naïve questions from professional 
tech support or in the training classes.  
Scenarios 9 and 10 represent the adoption of a good RHMT product in a better 
social environment than scenario 7. In scenario 9, the EW is less isolated and has 
a relatively technology savvy limited social circle, as well as moderate access to 
support channels. In scenario 10, the EW has full access to these environmental 




Table 7- 2 Simulation Results of scenarios on FCMIsolated (all concepts of the model are stable with an 
epsilon of 0.001); The initial value for every other concepts is zero) Here the more formal support channel 
concepts are displayed in a lighter shade of pink 
While the simulation of both these scenarios suggests a higher chance of adoption, 
naturally scenario 10 suggests the best rate of adoption. These are both in line 
with empirical evidence from the field, and suggest that the more we can surround 
the elderly with tech savvy peers, the higher her chance of adoption. One 




















































































































































































































































information 0.5 0.5 0.5 0.75 0.75 0.75 0.75 0.75 0.75
c12 Aging & cognitive decline 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
c19 Tracing activities 0 0 0 0.5 0.5 0.5 0.5 0.5 0.5
c30 Community tech support 0 0.1 0.5 0.1 0 0.5 0.5 1
c33 Lack of tech robustness 0.5 0.5 0.5 0.25 0.25 0.25 0.25 0.25 0.25
c39 Local group training 0 0.1 0.5 0.1 0 0.5 0.5 1
c50
Free limited professional 
support 0 0.1 0.5 0.1 0 0.5 0.5 1
c51
Having tech savvy social 
circle 0 0.1 0.1 0 0.5 0.5 1
c52 Established tech support 0 0.1 0.5 0.1 0 0.5 0.5 1
c53 Simple free instruction 0 0.1 0.5 0.1 0 0.5 0.5 1
c56
Having gatekeeping 
freind 0 0.1 0.1 0 0.5 0.5 1
c62 Social circle 0.1 0.1 0.5 0.5 1 1
# Stability Iteration # 10 10 11 11 10 12 10 10 10
c1 Adoption -0.8827 -0.867 -0.802 -0.844 -0.867 -0.568 0.684 0.699 0.787















recruit well-connected tech savvy EW from the EW communities to act as 
technology advocate to model, motivate and support EWHTA in those 
communities.  
 






8 Case Insights and Findings 
This dissertation set out to apply the proposed method to model EWHTA to 
achieve the goals identified earlier (listed in section 1.2). The purpose of the case 
study was to… 
1. Identifies the key adoption drivers and obstacles and their relations 
2. Illustrates how the gatekeeper influences the elderly person’s adoption 
decision  
3. Represents adoption drivers and gatekeeper influences on adoption 
quantitatively 
4. Facilitates exploration of adoption in response to various factors through 
simulation 
This chapter provides detailed information showing how the case study was able 
to achieve all four above goals by the two FCM models that emerged from the case 
study (depicted in Figure 7 – 1 and Figure 7 - 2).  The information provided in this 
chapter in its entirety provides information about goal 1. as summarized in the next 
section (8.1). Section 8.2 explains the findings in respect to goal 2 by explaining 
the six environmental influences highlighted in the two FCM models resulted from 
that case study.  Section 8.3 describes the findings that addresses goal 3 and 4.  
8.1. Summary of Key Drivers and Obstacles of Adoption and Their Relations (Goal 1) 
The integrated FCM models that resulted from the 'elderly women and their 
gatekeeper’ pairs map out the contextualized model of the UTAUT for the two 
257 
 
groups of EWHTA: connected (Figure 7 – 1) and isolated (Figure 7 – 2). They 
showed how new inputs and intermediary factors contextualize the original 
abstract constructs of the UTAUT. The mixed-method research method facilitated 
the extension of the original input constructs of the UTAUT to show how they form 
and how they affect the output constructs of UTAUT in the context of EWHTA. 
These FCM models show that technology adoption is impacted by various factors, 
including product characteristics, different facilitating conditions, and the elderly 
women’s personal experience and traits. As detailed in Appendix G, the following 
six categories of concepts were identified as the salient drivers of and obstacles to 
the elderly women’s health technology adoption decision-making: 
 
Figure 8 - 1 Salient Drivers of and Obstacle Concept Categories for EWHTA 
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8.1.1. Environmental Factors 
These concepts embody the important EWHTA environmental factors that 
influence EWHTA. They consist of 21 concepts listed in Table 8 -  below.  
The case study found 14 concepts (number 1 – 12 and 19 – 20 in Table 8 - ) that 
are directly related to EW social surroundings. In the context of EWHTA, social 
isolation is a significant psychosocial determinant of technology decision making 
to the point that isolated elderly have a different mental model as those of the 
connected elderly women. This is in line with other behavioral studies (Giabbanelli, 
et al., 2012), but this case study highlights its importance in EWHTA. The most 
important social circle factors of EW are their gatekeeping concepts, which are 
discussed in section 8.2 in response to the research question 2. The case study 
also found 7 factors that make up EW’s support resources outside her social circle 
(number 13 – 17 in Table 8 - ), should the EW have access to them. These include 
the official support channels form community technology support, the fee-based 
professionals EW hires, the training classes in the community to the limited non-
official help of vendors to step-by-step instruction manuals. The case study also 
found another concept—Clinician recommendation, which was found to have an 
enormous influence in EWHTA. A segment of the FCMIsolated model that maps out 
environmental and how they influence other concepts is displayed in Figure 8-2 
below. The corresponding segment of FCMConnected model is similar but doesn’t 
have the social circle concept as identified negligible for the socially connected 




 Concept #  
in Adjacency 
Matrices 
1 Gatekeeper physical proximity C24 
2 Gatekeeper tech savviness C36 
3 Having gatekeeping daughter C34 
4 Having gatekeeping grandkids C57 
5 Closeness to family C55 
6 Having gatekeeping family C35 
7 Having grandkids C59 
8 Having other gatekeeping family members C60 
9 Having gatekeeper(s) other than family C58 
10 Having gatekeeping caregiver C54 
11 Having gatekeeping friend C56 
12 Gatekeeper's financial constraint C62 
Support resources  
13 Community tech support C30 
14 Established tech support C52 
15 Local group training C39 
16 Free limited professional support C50 
17 Simple free instruction C53 
Social circle other than family  
18 Clinician recommendation C42 
19 Having tech savvy social circle C51 
20 Social circle C63 
Media & other source of learning about the 
wearable   
21 Other sources of information C61 




Figure 8 - 2 ‘Environmental Factors’ and ‘Environmental Influences’ in FCMIsolated  
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8.1.2. Environmental Influences 
The dominant QUAL phase of the proposed method facilitated the extraction of 
different types of influence that the environmental factors exert on EWHTA. These 
concepts, which are defined in Appendix G, encapsulate different influences from 
the environmental factors that affect EW’s attitudes, perceptions, and decision 
toward EWHTA. More information on this category is provided in the response to 
question 2 in section 8.2.  
Environmental Influences 
Concept #  
in Adjacency Matrices 
1 Effectivity, Continuity & Sufficiency of  Support & Training C4 
2 Social learning C11 
3 Tech suggestion, introduction & encouragement C18 
4 Connecting to loved ones C31 
5 Reduce burden C37 
6 Gifting tech C38 
7 Giving GK peace of mind C43 
8 Continuous 1-on-1 walkthrough support C49 
Table 8 - 2 Environmental Influences Factors of the EWHTA 
 
8.1.3. Technology Characteristics 
The concepts described in this section embody the important characteristics of the 
wearable device, which influence EWHTA. They consist of 11 concepts listed in 
Table 8 – 3 below.  
These concepts, which are described in the codebook in Appendix G, represent 
the relative degree in which the product is scored in the specified criterion that the 





  Technology Characteristics 
Concept #  
in Adjacency Matrices 
1 Tech automaticity C5 
2 Getting health information C6 
3 Tech usability & accessibility C15 
4 Tech capabilities C17 
5 Tracing activities C19 
6 Tech simplicity & familiarity C21 
7 Tech cost C25 
8 Tech maintenance C27 
9 Tech making E look old C28 
10 Lack of tech robustness C33 
11 Tech aesthetic appeal C41 
 Table 8 - 3 Technology Characteristics of the EWHTA  
 
8.1.4. Personal Traits  
The concepts described in this section embody the traits of the EW that influence 
EWHTA. They consist of 11 concepts listed in Table 8 -  and capture the collective 
attitudinal and conditional traits of the elderly as well as her tendencies and efforts. 





Concept #  
in Adjacency Matrices 
1 Adoption Intention C2 
2 Self-efficacy C7 
3 Aging & cognitive decline C10 
4 Voluntariness of Use C12 
5 Exploring tech C20 
6 Concerns C32 
7 Positive attitude toward tech C44 
8 Resistance to change C45 
9 Being frugal C46 
10 Reaching free community support C47 
11 Reaching professional fee-based support C48 
Table 8 - 4 Personal Traits in EWHTA 
 
8.1.5. Elderly Perceptions  
These concepts capture EW’s perceptions about the different aspects of the 
product being studied. The two key concepts of—Perceived Ease of Use and 
Perceived Usefulness are UTAUT constructs and are the most important 
perceptions and the determinants of the EW adoption intention. This category 
consists of the 10 concepts listed in Table 8 - , which are described in the codebook 





Concept #  
in Adjacency Matrices 
1 Perceived Ease of use C3 
2 Perceived needs C8 
3 Promote health C9 
4 Perceived simplicity & familiarity C14 
5 Perceived usability & accessibility C16 
6 Knowledge about the tech utility C22 
7 Perceived Usefulness C23 
8 Perceived cost C26 
9 Perception of how much tech make E look old C29 
10 Perception & importance of tech aesthetic C40 
Table 8 - 5 Elderly Perceptions in EWHTA 
 
8.1.6. Adoption Outcomes  
 
These concepts capture EW’s past or current adoption outcomes. The past 
adoptions (‘Technical knowledge & experience’ concept) increase the chance of a 
current outcome of adoption by increasing EW’s self-efficacy and general product 
awareness. The adoption outcome is the result of strong adoption intention, as well 
as effective, continuous and sufficient support and training. Both concepts are 
described in the codebook in Appendix G (I. Common Ontology (Codebook)).  
 
Adoption Outcome 
Concept #  
in Adjacency Matrices 
1 Adoption C1 
2 Technical knowledge & experience C13 




8.2. Gatekeepers’ Influence on EWHTA (Goal 2) 
In the context of EWHTA, the gatekeepers are those people who open the door to 
technology for the EW. They often become the ambassador of the technology. As 
described in Chapter 2, the literature suggests that this influence is important for 
EWHTA, and without it the elderly typically do not adopt the technology. The case 
study highlights this importance and even suggest that the mental model of the 
elderly is different based on the degree of presence or absence of these 
gatekeepers’ influences. The answer to the research question 2 follows based on 
the findings of the case study as captured in the two FCM models in Figure 7 – 1 
and Figure 7 – 2.  
Gatekeepers are divided to two groups: family gatekeepers and non-family 
gatekeepers. The EW who benefit from having family gatekeepers experience a 
much higher rate of technology adoption than those with non-family gatekeepers. 
The two clusters that emerged from the quan data collection vividly attested to this. 
The group that clustered in the category of ‘isolated’ with the lower observed 
adoption rate where those without family gatekeepers. The group that clustered in 
the category of ‘connected’ with the higher observed adoption rate were those with 
family gatekeepers. In fact, in the case of FCMConnected, the effect of a techy social 
circle still is important, but it is negligible when compared to the colossal effects of 
family gatekeeping. The two models from the case study—FCMConnected (Figure 7 
– 1) and FCMIsolated (Figure 7 – 2)—illustrate how these two types of gatekeeping 
influence EWHTA.  
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“Family gatekeeping”: In the context of the case study, the most important drivers 
of this category, are the family members, particularly grandkids but more frequently 
daughters and sometimes other family members like sons. They induce immense 
influence on mom’s (grandma’s) HTA. The degree of this influence depends on: 
1) Whether the EW has a daughter, older grandkids or any other family members 
that can help her. This is captured by the concept “Having gatekeeping family”, 
which is caused by one or more of the following concepts: “Having gatekeeping 
grandkids”, “Having other gatekeeping family members”, and “Having gatekeeping 
daughter”. 
2) How close and connected she is with her family, as captured by the concept 
“Closeness to family”. 
3) If she has one or more grandkids to motivate her to connect with them, as 
captured by concept “Having grandkids”. 
4) How technically savvy her primary technology helper is, as captured by concept 
“Gatekeeper tech savviness”.   
5) And finally, how near to EW this family technology helper lives and how often 
she/he visits or calls.  
These concepts positively influence many concepts that increase EW’s willingness 
to use the technology (as captured by concept “Voluntariness of Use”) and her 
perception of Usefulness and Ease of Use of the wearable (as captured by concept 
“Perceived Usefulness” and “Perceived Ease of Use”). The immense influence of 
267 
 
strong family gatekeeping are categorized in eight ways as depicted in Figure 8 – 
2 (influence concepts group are colored in blue) and described in detail in the next 
eight subsections.  
 
Figure 8 - 3 Family gatekeeping concepts of EWHTA in a segment of the two FCM models 
268 
 
In the case of EW without family gatekeepers, the presence of non-family 
gatekeepers is still influential in her EWHTA. Figure 8 – 2 depicts the role of one 
or multiple non-family gatekeeper(s). This is captured in the FCM models by the 
concept “Having gatekeeper(s) other than family”, which accumulates the effects 
of “Having gatekeeper friend”, “Having gatekeeping caregiver” and “Having social 
support”. The presence of one or more of these input concepts increases the 
strength of “Having gatekeeper(s) other than family”, which has an effect that is 
similar to the influence exerted by the family gatekeeping concepts, but much 
smaller in magnitude. Although they don’t have as much influence on the 
‘environmental influence’ group of factors as the family gatekeepers do, these non-
family gatekeeping influences still contribute to “Continuous one-on-one 
walkthrough support”, “Social learning”, “Tech suggestion, introduction & 
encouragement” and “Connecting to loved ones”. For the non-family gatekeepers, 
the role of other two concepts discussed above, namely “Gatekeeper tech 
savviness” and “Gatekeeper physical proximity”, is similar to having family 
gatekeepers.  The more technology savvy the gatekeepers are and the closer they 




Figure 8 - 4 Gatekeeping (other than family’s) concepts of EWHTA in a segment of the two FCM 
models 
These gatekeeping influences are discussed in below subsections. 
8.2.1. Connecting to Loved Ones  
EW feels that by wearing the wearable she will better connect with her younger 
family members and can look more cool and up to date with technology. 
Consequently, this concept increases EW’s “Voluntariness to use” and “Perception 




Figure 8 - 5 Concepts increasing Connecting to loved ones 
 
Figure 8 - 6 Concepts increased by Connecting to loved ones 
8.2.2. Reduce Burden   
The closer the EW is to her family and the more technology savvy the family is, the 
more she feels that using the wearable can reduce her burden on them. The desire 
to reduce the burden on her family gatekeeper(s) increases her voluntariness of 
use.  
  




Figure 8 - 8 Concepts increased by Reduce burden 
 
8.2.3. Giving Gatekeeper Peace of Mind 
The closer the EW is to her family members and the more technology savvy they 
are, the more she feels that using the wearable can give them peace of mind. This  
desire of the EW increases her ‘Voluntariness of Use’. 
 
Figure 8 - 9 Concepts influencing Giving GK peace of mind 
 
Figure 8 - 10 Concepts influenced by Giving GK peace of mind 
8.2.4. Gifting Tech 
The closer the family is to EW both emotionally and physically and the more 
technology savvy the family is, the greater the chances are that she gets a 
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technology gift such as a wearable. While the family members’ financial constraints 
reduce their means to give EW technology gifts, they are the primary source for 
supplying EW with new or hand-me-down technologies. These technology gifts not 
only remove the cost barrier to EW and increase her voluntariness of use; they 
become conveniently available for her to try and explore.  
 
Figure 8 - 11 Concepts influencing Gifting tech 
 
Figure 8 - 12 Concepts influenced by Gifting tech 
8.2.5. Tech Suggestion, Introduction, and Encouragement 
The closer the family is to the EW, both emotionally and physically, and the more 
technology savvy the family members are, the more impactful their suggestions 
and opinions will be. When they see a wearable that they find useful for EW, they 
often not only suggest it to her; they also introduce to her and encourage her to 
use it. This group of concepts increases EW’s product awareness and her 




Figure 8 - 13 Concepts influencing Tech suggestion 
 
Figure 8 - 14 Concepts influenced by Tech suggestion 
8.2.6. Social Learning 
The closer the family is to the EW, both emotionally and physically, and the more 
technology savvy the family members are, the more the EW is exposed to the 
technology and learn from others how to use it. This social learning increases the 
EW’s confidence in her ability to figure out and use the technology, and it increases 
her product awareness.  
 




Figure 8 - 16  Concepts influenced by Social learning 
 
8.2.7. Continued 1-on-1 Walkthrough Support 
The family gatekeeper(s) deliver(s) the most effective technology support. Their 
support is continuous, convenient and free of technology jargon. The EW, who is 
too proud and worried about asking naïve questions from other people, often waits 
for the time she can talk to her family to get their support. The closer the family is 
to EW, both emotionally and physically, and the more technology savvy the family 
members are, the more continuous one-on-one walkthrough support she gets. 
Figure 8 - 17 shows that the FCM models suggest that this effective support is also 
increased by the strength of the EW’s voluntariness of use and the possible 
presence of community tech support. Continued one-on-one walkthrough support 
strongly increases the effectiveness, continuity and sufficiency of support and 
training (aka Facilitating Condition). 
  




Figure 8 - 18 Concepts influenced by Continues 1-on-1 walkthrough support  
8.2.8. Effectivity, Continuity & Sufficiency of Support & Training 
The two FCM models suggests that EW’s internal drivers and gatekeeping 
influences increase the accumulating facilitating condition (a main construct of 
UTAUT). Figure 8 - 19 shows that the older the EW gets and/or the more her 
cognitive ability declines, the less effective and sufficient the support and training 
around her becomes. However, there are internal and external factors that can 
compensate for the negative influence of aging. These include the stronger internal 
drivers of high self-efficacy and voluntariness of use. Additionally, the available 
support resources—should she reach out to them—can increase the accumulative 
facilitation condition. These resources include the fee-based and free support 
channels, as well as the EW’s technology savvy social circle. While the 
aforementioned drivers (particularly EW’s internal factors) are key, the support and 
facilitation received from family gatekeeper(s) remain essential. These influences 
are captured in the FCM models by the causal links from the following concepts: 
having gatekeeping family, closeness to family, gatekeeper tech savviness, 
gatekeeper physical proximity, and Continuous 1-on-1 walkthrough support. 
Efficiency Continuity & Sufficiency of Support & Training directly increase adoption 




Figure 8 - 19 Concepts influencing Efficiency Continuity & Sufficiency of Support & Training 
 
Figure 8 - 20 Adoption is directly influenced by Efficiency Continuity & Sufficiency of Support & 
Training 
 
8.3. Causal Quantification and Simulation (Goal 3 & 4) 
The designed mixed-method of this dissertation has not only expanded the UTAUT 
to contextualize elderly health technology adoption, it has quantified the strength 
of the various drivers and influences in the EWHTA context studied. It additionally, 
found that the degree of causal relationships of the identified drivers and barriers 
are different among clusters of elderly. The application of the method in the case 
study, identified two clusters—socially isolated and connected—in which the 
degree of the influences of drivers and influences are similar. This led to the 
creation of the two FCMisolated and FCMconnected models. The possibility of FCM 
clustering was not anticipated and therefore was not originally considered as a 
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research step in the proposed method. However, the quantitative nature of FCM 
structure (value of edge weights) hinted the variability of the models that 
demanded clustering. Given the graph nature of FCM models, Network Analysis 
techniques were conducted. The Eigenvector Similarity Index (ESI) found two 
clusters of similar FCM models; and further analysis of the two clusters found the 
common theme among the two clusters to be the degree in which each group is 
socially connected/isolated. As a result an additional step is added to the research 
method in which Network Analysis (SNA) is carried to study the emerged FCM 
maps to identify potential clustering of the models. The new enhanced mixed-
methods research method is illustrated in Figure 8 - 21 Figure 8 - 21 Revised 
Research Method), which summarizes the details steps, conducted in the case study 
as detailed in chapter 6.  
Despite the initial assumption, the case study found that the causal influences of 
the emerged drivers and barriers of the adoption are different among elderly. 
Conducting Network Analysis (as detailed in section 6.4.) identified two cluster of 
models in which the degrees of influences are different which subsequently they 
integrated in the two models. These quantitative variations are captured by the 
different edge weights in the FCMIsolated and FCMConnected as shown in these two 
models’ adjacency matrices in Appendix E.V and E.VI.  These matrices represents 
adoption drivers and gatekeeper influences on adoption quantitatively and can be 
easily simulated using any tool that can conduct matrix multiplication, including MS 
Excel or software packages. As depicted in the earlier chapters (Chapter 6, section 




Figure 8 - 21 Revised Research Method 
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many scenarios to be simulated. The resulted values provided a means to explore 
how different degrees of various factors influenced the elderly women intention 
and usage of an activity tracker wearable. As became apparent, better 
gatekeeping support and advocacy affect the elderly women usage of the wearable 
more than improvement in the product characteristics.  
8.4. Summary of Results 
This chapter provided detailed information that successfully addressed the four 
research goals laid out in chapter 2. The proposed research method was applied 
to the case of EWHTA which resulted in two FCM models. These two FCM models 
provide detail insights into the elderly women decision making by 1) mapping out 
the salient drivers and obstacles of their health technology adoptions, and 2) by 
facilitating scenario planning and simulation which helps answer ‘What-if?’ 
questions. By doing so, the conducted case study proved that my research delivers 
a robust health technology adoption modeling method that can readily be applied 
to the study of the elderly. The method yields a simulation model that can be 




9 Conclusion, Contribution, Limitations and Future Research  
9.1. Conclusion  
 
9.1.1. Method Conclusion 
First, this dissertation delivered a soft analytics method, which contextualizes 
theoretical insights from health technology adoption by combining ethnographic 
interviews and FCM (Chapter 3). It integrates the stakeholders’ views, overcomes 
data scarcity, and provides specificity to health technology adoption theory. The 
empirical grounding for this method is provided by a case study, in which elderly 
women decide whether to adopt a wearable remote health monitoring technology 
(Chapter 5 and 6).  
Second, from conducting the successful case study with its resulting fruitful 
models, it is concluded that the designed method is a robust research approach 
for studying elderly health technology adoption. The research method was further 
enhanced by adding a research step to conduct Network Analysis to find possible 
clustering of the models.   
Third, based on the highlighted need, this dissertation, designed a method that 
delivered the means to discover hyper-segments of a consumer market. The 
method is based on the consumers’ mental model, and it shows how consumers 
adopt RHMT. The clustering technique used in the designed methods is not biased 
to any conventional market segmentation on how to micro-segment consumers; it 
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allows the consumer judgment to become the criterion for clustering. This became 
possible through the quantification of the influences in Fuzzy Cognitive Mapping.  
Fourth, the careful selection of the effective techniques in the designed method 
combines the advantages of qualitative research and quantitative research. This 
synergistic combination provides the means for the resulting models to capture 
deep insights of the context studied and facilitate exploring the adoption using 
scenario planning and simulation.  
Fifth, this dissertation proved the usefulness of fuzzy cognitive map as a modeling 
method to contextualize technology adoption. By doing so, this dissertation 
pioneered the use of fuzzy cognitive mapping in modeling health technology 
adoption outside organizational contexts. FCM computational power allowed 
exploration of adoption behavior in response to various factors.  
Sixth, the designed method substantiated the usefulness of fuzzy cognitive 
mapping as a modeling method to study health technology adoption in the 
consumer market. The inherent network nature of the FCM model enabled the 
utilization of the emerging Network Analysis techniques to facilitate consumer 
market segmentation.  
9.1.2. Theoretical Conclusion in the Case of Elderly Women Health Technology 
Adoption of RHMT Wearables 
First, this dissertation found social isolation as a significant psychosocial 
determinant of technology adoption decision making to the point that isolated 
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elderly women have a different decision-making model as those of the connected 
elderly women. This is in line with other health behavioral studies (e.g., Giabbanelli 
et al., 2012). Now it also known in EHTA.  
Second, the application of the designed method found an array of drivers and 
inhibitors that are salient to EWHTA. As detailed in Chapter 8, 63 concepts among 
the socially isolated EW, and 62 concepts among the socially connected EW were 
found. These concepts grouped into six concept categories in the context of 
EWHTA—environmental factors, environmental influences, technology 
characteristics, personal traits, elderly perceptions, adoption outcomes.  
Third, Environmental factors are very important in EWHTA. Gatekeeping 
influences exerted by the elderly women’s family are essential in the elderly 
women health technology adoption. Additionally, Elderly women repeatedly state 
that if their clinician recommend using the wearable, they will adopt it. This 
highlights the strength of the clinician’s influence in the elderly’s health related 
decision-making. Therefore, clinician endorsement is highlighted as one of the 
effective strategies to promote and encourage the use of the technology.  
Fourth, Cost remains to be an important factor in EWHTA decision which is missing 
from UTAUT (because it was conceptualized for organizational TA). Removing the 
cost factor (e.g. given by the insurance) is a big step toward their adoption.  
Fifth, Experience, Self-efficacy, need, attitude toward tech, gatekeeper network 
that provide the effective facilitating conditions are some of the most salient drivers 
of adoption as aging and cognitive decline is the most salient obstacle of EWHTA. 
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This explains why elderly women who have close nearby tech savvy family enjoy 
the best adoption rate.  
Sixth, the case study illustrates that environmental factors immensely affect the 
elderly women’s adoption behavior. Gatekeeping effects in particular have a 
colossal impact on the elderly women’s perception, willingness to use and actual 
usage of the RHMT wearable. The group of concepts pertaining to family 
gatekeeping reaches the pinnacle of environmental influences. All these 
environmental factors increase elderly women’s voluntariness of use, product 
awareness, social learning, exposure to the product, and ability to use the 
technology. The environmental influence group of concepts demonstrates the 
many possible ways that these gatekeepers exert their influences as described 
below.  
Gatekeepers often suggest and/or introduce the product and encourage their use. 
This influence is stronger from the group of family gatekeeping concepts, when 
compared to the influence exerted from the non-family gatekeeping concepts. In 
other words, family gatekeeping influences are stronger causal factors in adoption, 
and those elderly with family have a higher health technology adoption rate. 
Gatekeepers often provide social learning to the elderly by the very usage of the 
product themselves.  
Usually only the family gatekeepers initiate the process of technology adoption by 
gifting new or hands-me-down technologies. 
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Often the gatekeepers are EW’s family members, and, in most cases, these are 
the middle-aged daughters who are very busy with many responsibilities. They 
often become the reason for the technology adoption, particularly where using the 
wearable can give the family peace of mind and reduce the burden on them. As 
these two categories of influences are observed among elderly with family 
gatekeepers, these influences contribute to the higher adoption rate among the 
elderly women with family gatekeepers.  
EW, particularly those who are close to their family members and are regularly 
visited by them, like to keep up with the family and create a sense of connection 
to these loved ones’ world, which is filled with technologies. Hence, they become 
motivated to use the technology to better connect to their loved ones. While this is 
more pronounced with EW with grandchildren, the effect still exists with other 
family members and, to a lesser degree, with her social circle at large.   
The most important influence of the gatekeepers is the support and training they 
provide to the elderly. The gatekeepers and, more than anyone, the gatekeepers 
within the family provide the most effective form of support to the elderly women. 
Training and support are one-on-one and tailored to the needs and level of 
knowledge of the EW, and they are continuously and conveniently provided to her. 
Additionally, she is comfortable asking for help from these gatekeepers, as their 




The more official means of support and training—either fee-based or free—are the 
other forms of support and training for EW. These channels are particularly 
important for those with weaker other gatekeeping support. The existence of these 
channels becomes ineffective for those elderly who are extremely isolated and 
often too depressed or separated from the society to reach out to any technology 
support. However, in the case of isolated EW who are less separated or depressed 
or have higher self-efficacy, these support channels have direct influence in their 
adoption decision.   
9.2. Contribution 
 
9.2.1. Academic Contribution 
The main contribution of this dissertation is the proposed modeling method. As 
detailed in chapter 2, the literature highlights a gap in research methods for 
contextualizing highly generalized technology adoption theories. This dissertation 
responds to the call to arms for innovative research methods that can model 
technology adoption based on the specifics of the context being studied. This is 
particularly compelling in the field of EWHTA, where the pertinent extant literature 
cannot explain why elderly women choose not to adopt technology that would 
improve their personal condition.  
This dissertation has proposed a novel research method that facilitates the 
creation of contextualized models that can explain EWHTA. This method can be 
used by academics, but its primary intent is to provide a consumer marketing 
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research tool for technology management groups that need to study the elderly 
consumer market. While this method has been applied to the context of EWHTA, 
it is designed to be applied to other cases of EHTA and even HTA in general. 
Additionally, the method is not fundamentally restricted to any particular context. 
Furthermore, the method designed in the dissertation provides the ability to 
quantify the degrees in which each of the drivers and barriers influence each other 
and ultimately influence adoption outcome. This provides a tool that can offer fresh 
insights into the context being studied.  
First, the research method conceptualized in this dissertation is an effective 
empirical modeling method that adds to the method pluralism demanded in the 
HTA literature (as described in Chapter 2). This was proven by both the pilot study 
(detailed in Chapter 4 and Appendix B) and the case study research (detailed in 
Chapter 5 through 7) that was conducted in this dissertation.  
Second, this dissertation successfully responded to the call to arms for 
conceptualizing empirical research methods that contribute to the plurality of 
empirical EHTA research methods. The research method contributes to the body 
of health technology adoption research by translating abstract theoretical insights 
into models that represent any case in the EHTA domain. The resulting models 
can help close the gap between theory and practice and provide detailed 
actionable insights to practitioners. In doing this, the conceptualized research 
method delivered a successful means of utilizing FCM by building quantitative 
simulation models based on in-depth qualitative techniques. In doing so, it 
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extended the current health technology adoption research, and created a new way 
to discover much-needed practical insights to EHTA body of research.  
Third, the design research method used in-depth qualitative techniques to build 
holistic FCM simulation models. By doing this, the method brings FCM research 
back to its origins of cognitive mapping. It also applies FCM research to health 
technology adoption in the elderly consumer market, a domain new to the FCM 
body of research. In doing this, the method extends the current FCM body of 
research.   
Fourth, the resulting FCM models reached the four research goals by opening the 
black box of elderly women health technology adoption. The models…  
1. Identify the key adoption drivers and obstacles and their relations, as it did in 
the case study by the emergence of the 63 concepts in six overall categories.  
2. Illustrate how the gatekeeper influences the elderly person’s adoption decision, 
as it did in the case study by highlighting the eight ways described. 
3. Represent adoption drivers and gatekeeper influences on adoption 
quantitatively. The models in the case study showed these drivers for the two 
groups of the elderly women. The model also showed how strong each of these 
drivers and influences were.  
4. Facilitate exploration of adoption in response to various factors through 
simulation, as the case study FCM models have demonstrated. Both the 
FCMIsolated and FCMConnected simulated many extreme conditions and expected 
behaviors to evaluate whether their behaviors are indeed in line with those of 
288 
 
reality. The models further simulated ranges of assumptions to ensure their 
conclusions are not changed significantly (Chapter 6). Additionally, the models 
simulated adoption outcomes for different product characteristics, as well as 
for different levels and types of social support (Chapter 7).  
Managers in charge of developing new RHMT products and their rollout strategies 
have evaluated the models and considered them ‘insightful decision support 
models’. These experts stated that the models can help identify suitable feature 
sets based on offering a deep understanding of the decision-making dynamics by 
the elderly (Section 6.5).   
Fifth, the method that was developed and tested in this dissertation has generated 
models that have identified two market segments for EWHTA—socially isolated 
elderly women and socially well-connected elderly women.  However, in principle, 
the method could be applied to studying the adoption behavior of any group of 
individuals within their particular immediate social context.  The method would first 
generate maps of the mental models of individuals, which integrate perspectives 
of the individual and his/her primary influencers. These models could be 
subsequently analyzed and integrated into one or more composite model, which 
reflects the aggregated perspective of all the constituent individual models. This 
composite model then characterizes the adoption behavior of the whole group.  
Sixth, as the case study in this dissertation has shown, the method may generate 
multiple clusters of mental models, where each cluster reflects a different adoption 
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pattern. Generating a composite model for each cluster may identify a market 
segment that is based on the adoption behavior that the composite model reflects.   
In principle, this approach can be extended to analyze hyper-segmented markets. 
The method could be applied to a large group of consumers, and a multitude of 
cluster models can result from this effort. Each of these models would represent a 
hyper-segment of the market.  
9.2.2. Contributions to Management Practice 
First, the application of the designed method in the context of EWHTA of wearable 
activity trackers found an array of insights that were acknowledged by experts and 
practitioners in EHTA. This application particularly shows the importance 
technology gatekeepers and highlights the importance of including gatekeepers as 
a unit of study in the study of EHTA, which current health research addresses 
insufficiently (Chapter 2). This research suggests that practitioner and those 
conducting elderly consumer market of RHMT wearables to be aware of various 
gatekeeping influences and consider them in their planning and strategies. For 
example, as one of the experts who evaluated the FCM models mentioned, good 
commercials of such technologies should advertise wearables to the family 
members of elderly women. 
Second, the research method developed in this dissertation intends to provide a 
better alternative to the conventional market studies by guiding consumer 
research. The research method yields visual model(s) that not only illustrate(s) but 
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also simulate(s) practical insights for technology decision makers. The insights 
gained from the models help marketers explore the dynamics of the consumer 
market with various environmental factors in which elderly adopt RHMT 
technology. As the research results in simulation models, they can be reused 
repeatedly and support future planning and applications. 
Third, the models from applying the designed method provides the practitioner 
ability to quantify the degrees in which each of the drivers and barriers influence 
each other and the overall adoption. This provides a tool to help decision makers 
explore the adoption in different settings and for different market segments of the 
elderly to gain actionable insights. The model helps the technology decision 
makers in several ways. New product developers can use this model as a 
simulation tool that explores possible scenarios for adoption, allowing them to 
determine specifications that improve the adoption rate of the product. Health 
technology delivery managers can use the model to plan a technology rollout that 
achieves a more successful adoption. For example, the model could serve as a 
guide for planning a successful training program for the users of the product, as it 
did in the case study.  
Fourth, it should be noted that the arguments about generalizability from the 
previous section are not restricted to theory. The method developed in this 
dissertation is largely independent of context. Thus, practitioners can apply the 
method to identify market segments and product features, as well as developing 
product rollout strategies. For example, one of the SMEs that were interviewed for 
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the evaluation of the usefulness of the research method mentioned that it would 
have been great if we could identify hyper-segments of the EW consumer market. 
This hyper-segmentation could help him cater toward their needs and preferences 
in a way that the elderly would not reject the wearable. Such market segmentation 
based on the cluster of adoption patterns occurred organically in the case study, 
which showed that the EWHTA is different based on psychosocial factors. The 
hyper-segmentation could happen should the participants represent those detailed 
segments.  
9.3. Limitations and Future Research  
Like any other research, this dissertation is subject to limitations, which can be 
overcome by further research. A list of limitations is provided in this section.  
9.3.1. Research Method Limitation 
First, the comprehensive nature of the mixed-method approach in the proposed 
research method, and particularly the dominant qualitative phase, is labor 
intensive. Although the resulting method provides an efficient reusable model for 
the context of the study, creating the models is not a trivial task. Interviews are 
time-consuming, as are multiple rounds of coding and re-coding, which are needed 
to capture the breadth of insights while also standardizing the meaning of 
concepts. Several researchers are currently working on online-based data 
acquisition tools for FCM (Giabbanelli & Tawfik, 2017; Pfaff et al., 2015). While 
they will likely not replicate the exploratory depth of ethnographic interviewing and 
qualitative analysis of the proposed research method, these approaches may 
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prove to be less labor intensive. This will make it possible to scale FCM projects 
to more participants without extensive effort.  
Second, the model and simulation scenarios were designed to enhance our 
understanding of the role of the informal gatekeeper and on his/her impact on 
adoption, given different product feature sets. Future research may also want to 
include formal gatekeepers, such as healthcare professionals. These gatekeepers, 
according to comments during ethnographic interviews (as captured in the 
models), exert immense influence on EWHTA. To achieve a better understanding 
of technology adoption among a group of elderly and gatekeepers, this interplay 
of influence can be modeled by combining FCM and agent-based modeling, as 
proposed by (Giabbanelli, Gray, & Aminpour, 2017). The elderly, their informal 
gatekeepers and medical professionals can each be represented by group-specific 
FCM that encode the behavior of the agents. The agent-based model defines the 
rules of interactions between the agents, thus shaping an artificial market (Zenobia 
et al., 2009).  
Third, the research method focused on the elderly and the technology gatekeepers 
to facilitate the modeling of the elderly woman’s decision making and hence her 
perceptions. This naturally excluded the dynamics between different and 
sometimes contradictory product characteristics (such as the relation between 
battery life of and active display of information on the wearable). Future work can 
explore tradeoffs between different features, the impact of different training 
interventions, and outcomes that are contingent upon social support provided at 
293 
 
different stages of the adoption process. By uncovering these fundamental 
dynamics of technology adoption, this follow-on research could enhance the ability 
of analysts of big data (e.g. tracked RMHT usage data) to ascribe meaning to their 
analyses. 
Fourth, a potential drawback of the resulting FCM model(s) could be a lack of 
flexibility, which may make it impossible to simulate the outcomes of innovative 
product designs or rollout strategies that were unknown at the model building stage 
(i.e. they don’t involve the concepts captured in the model). Some of these 
limitations can be overcome by follow-on studies that add the missing concepts or 
links.  However, this proposition requires further testing.   
9.3.2. Research Model Limitation  
The case study demonstrated and validated the research method by applying it to 
the case of EWHTA. The resulting models are subject to limitations that can be 
addressed by future research. Some of these limitations are listed below.  
First, the case study research has been conducted with female participants. This 
was in response to the TA literature suggesting that the adoption patterns of the 
two genders are different and need to be studied separately to better understand 
intricacies.  Thus, the models that resulted from this dissertation cannot be 
considered validated for elderly men. This deficiency can be corrected by repeating 
the research in a population of male elderly.  
Second, the proposed research has been conducted mainly with participants and 
respondents of the ORCATECH Life Lab program. These respondents often 
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represent a population of middle-class residents of Portland, Oregon, USA. 
However, the proposed research method should, in principle, be applicable to any 
EHTA context (e.g., different socio-economic groups, regions and countries).  The 
research method would have to be validated in other contexts for which an 
application is under consideration.  
Third, the case study in this dissertation focused on wearable technologies in the 
context of EWHTA research. In principle, the research method can be applied to 
any health technology whose adoption is optional. Thus, the proposed research 
method should not be used in applications where adoption is not voluntary.  
Fourth, the research method is based on Fuzzy Cognitive Mapping. Thus, all the 
limitations of fuzzy cognitive mapping inherently apply to this research method.  
For example, FCM cannot capture temporal lags. One particular concept may thus 
influence downstream concepts at different times (one link could be activated 
within a minute; another within a year).  Approaches to working around this 
limitation have been suggested (e.g. Jetter, 2006). However, these approaches 
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Appendix A – Data Mining in Early HTA Literatures 
 
 
Figure A - 1 Citespace Cluster Analysis of earliest 500 articles in HTA 
 
Selected the oldest 512 HTA articles from Web of Science based on the search criteria of: 
TS= (Health and technolog* and (adopt* or accept* or diffus*) not injur* not cardi* not HIV* not 
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Appendix B – Pilot Study 
Executive Summary 
To investigate the feasibility and utility of the proposed method, this research applied the 
method (proposed in this dissertation) to study elderly women testers of EverWrist, a 
prototype of a remote health monitoring technology. EverWrist is a wristwatch developed 
by Barron & Associates and founded by America’s Seed Fund under the NIH contract 
R44AG032160-03 (“EverWrist: A Novel Electronic Fall Monitor for Seniors | SBIR.gov,” 
2012). To conduct this research, Barron & Associates partnered with the Oregon Center 
for Aging and Technology (ORCATECH). ORCATECH conducted a field study in which 
elderly participants tested and reported on EverWrist. The purpose of the study was two-
fold: 1) to determine the false alarm and missed detection rate of falls using EverWrist; 
and 2) to quantify the circumstances that led to false alarms and missed detection of falls. 
The elderly women volunteers of a cohort of Life Lab (described in section 3.3) field tested 
this novel electronic fall detection monitor for seniors.  
Through collaboration with ORCATECH, I gained access to the cohort of elderly who 
tested EverWrist. The pilot research consisted of a longitudinal study of two elderly women 
from the EverWrist project and the gatekeepers that they identified. (The research method 
is described in 3.5 through 3.7.)  The longitudinal study was conducted in two phases: pre-
adoption (prior to the trial of EverWrist) and post-adoption (immediately after the trial of 
EverWrist). Elderly women were chosen as participants, because they represent the 
majority of the elderly population. Moreover, the elderly women’s gatekeepers were 




The pilot research was conducted based on steps 1 to step 12 of chapter 3 (pre-adoption 
data collections), as described in section 3.8, 3.9 and 3.10. Due to the scope of the pilot 
study, step 13, expert validation, and step 14, crowd validation of forecasting capability, 
were not conducted. Instead of conducting a second set of interview to build the structure 
of the model (step 11), I, acting as the modeler, assigned the weights of the model links 
(edge weights) based on the information gathered from the initial data collection (step 1 
to 6). Immediately after the trial period of EverWrist (one month), a post adoption interview 
was conducted with each of the two elderly women, in order to identify the post-trial 
behavior. In particular, the actual intention and decision to adopt the technology were 
elicited. To test the accuracy of the simulation model forecasting capability, the resulting 
simulation models were simulated for each elderly scenario. Consequently, the simulation 
results, the values of the simulation model’s output variables—adoption and adoption 
intention—were compared to the actual “adoption intention” and “adoption” decision of the 
two elderly women. It is important to note that the simulations of the resulting simulation 
model were in agreement with the findings of the post-adoption interview. Therefore, the 
pilot study successfully verified the appropriateness of the research method proposed for 
modeling EWHTA.   
 
Although the study’s questions mainly focused on EverWrist, most of the answers went 
beyond EverWrist. The respondents described factors that pertained to their approach to 
making technology adoption decisions in general.  Therefore, it’s important to note that 
while EverWrist served as the stimulus to initiate the conversation, the resulting simulation 





This pilot study tested the proposed method by applying the method to the trial of 
EverWrist, an RHMT wearable, among elderly women. In this study, the proposed 
methodology is validated through the development of an empirically-grounded EWHTA 
model. The pilot study applies the proposed method (in chapter 3), except for the 
qualitative data collection step and the expert validation that verify the viability of the 
method and the validity of resulting model.  
Unit of Analysis  
The unit of analysis is the detailed relationship between the underlying factors of the 
adoption (as outlined in UTAUT), how gatekeeper influences these factors, and the 
propensity of elderly to adopt health technology.     
As detailed in chapter 3, the research method proposed in this dissertation follows the 
guidelines for Fuzzy Cognitive Mapping laid out by Jetter (2006).  It takes advantage of 
FCM’s ability to integrate the perspective of multiple stakeholders (here elderly and the 
gatekeepers). In addition, it has been adapted to accommodate the highly 
interdisciplinary nature of the proposed research.  
As explained in the Section 1.1, the concepts that are associated with theories derived 
from individual disciplines are too general to be useful in the multidisciplinary context of 
EHTA. Making sense of how the general concepts of adoption theories apply to EWHTA 
warrants a highly granular, empirically grounded approach that studies these specific 
contexts in depth. The research method proposed for this dissertation follows such an 
approach. The designed mixed-method approach has handpicked effective techniques 
in computer-based modeling and qualitative research approaches to facilitate modeling 
of technology adoption for a demographic in which agency is important. It uses repertory- 
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grid to collect in depth, pre-adoption field data and Fuzzy Cognitive Mapping (FCM) 
(Kosko, 1986) to model the mental model  of  users  of  technology  products,  who  are 
subjected to significant influence by technology gatekeepers. This is followed by 
qualitative and then quantitative techniques to analyze and validate the fuzzy cognitive 
maps to form the technology adoption decision making model.  
The following sections lay out the steps that were taken to conduct the research in the 
six stages of fuzzy cognitive mapping (Jetter, 2006): I) Analysis of Objectives and 
Information Needs; II) Analysis of Means to Fulfil Information Needs; III) Knowledge 
Capture; IV & V) Conceptual and Detailed Design of FCM Models; and VI) Test and 
Validation.  
I. Analysis of Objectives and Information Needs  
The objective of this pilot research is to test the proposed method capability to provide 
a robust technology adoption modeling method among demographic groups that rely 
heavily on gatekeeping for technology adoption. This pilot study focused on two pairs of 
elderly women and their gatekeepers to contextualize a EWHTA model, which serves 
as a decision tool and provides a better understanding of the drivers and obstacles 
specific to the elderly women. Similar to the objectives described in section 3.6 (however 
focusing on the elderly women), the model … 
5. Identifies the key adoption drivers and obstacles among elderly women; 
6. Unpacks how these drivers and obstacles are interrelated and how they influence 
the adoption; and  
7. Illustrates how gatekeepers influence elderly women’s adoption decision. This is 
reflected in the model by showing how gatekeepers influence the formation of 
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perceptions of the UTAUT’s main constructs—performance expectancy, effort 
expectancy and facilitating condition.  
Thus the model should be able to answer the following questions in the context of 
EWHTA:  
 How do gatekeepers influence the adoption behavior of elderly women, both 
from the point of view of intention and usage? 
 How does the relationship between elderly women and gatekeepers affect the 
elderly’s perception of performance expectancy, effort expectancy and 
facilitating condition?  
II. Analysis of Means to Fulfil Information Needs  
II.1. Identification of Participants 
In the pilot study, the goal was to test the methods capability to integrate various mental 
models and stay accurate to each one. Therefore, the pilot recruited two pairs of 
participants:  
 Two elderly women who act as the potential adopters 
 The identified gatekeeper for each elderly woman. They both identified one of 
their daughters as their gatekeepers. 
  
This combination generated four FCM models—two elderly women mental models and 
two elderly mental women mental models from the perspective of their gatekeepers. 




II.2. Methods Selection for knowledge Capture  
The information about the knowledge capture method is identical to that of the research 
method detailed in section 3.7.2.  
III. Knowledge Capture 
Knowledge capture follows the steps laid out in section 3.8. However, due to the limited 
scope of the pilot study, the content and structure of the FCM models were created at 
the same time. (This will be different in the proposed method.) As detailed in section 3.8, 
the proposed research method will develop an FCM simulation model in two separate 
steps of: 1) content building by developing causal maps during the first set of interviews 
and qualitative analysis (QUAL phase); 2) structure building by the second set of 
interviews (quan data collection as described in the step 5. (Model Structure Building)). 
In the pilot research, model building was entirely based on qualitative data collection, 
where both the content and the structure of the FCM simulation model were built during 
the repertory-grid interview and the qualitative analysis. The process was conducted as 
follows. 
 
1. Participants confirmed the validity of the UTAUT (as depicted in Figure 6 - ) 
constructs, and verified that these constructs in fact influence the participant’s 
technology adoption decision.  
2. The participant was then asked to explain and help develop the left side of the 
verified UTAUT by answering the predesigned, probing, open-ended questions 
in Table B - 6 Repertory-grid open-ended questions of the pilot study 
(presented at the end of this appendix). The researcher developed the basic 
cognitive model by expanding the UTAUT constructs. This model was actively 
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expanded to include the novel concepts that participant prompted. Then, the 
links that depicted the influence of these concepts on each other and on UTAUT 
factors were added.  
3. To measure the initial participants’ perception of the technology, they were asked 
to quantitatively rate (based on a 5-point Likert scale) their perception of the 
UTAUT’s main constructs, as they pertain to prospective product under 
evaluation. For example, she was asked to rate the technology’s ease of use, 
usefulness, etc. by filling out the participants perception questionnaire in Table 
B – 7). 
The initial fuzzy cognitive maps of the two elderly women’s mental model are depicted 
below.  
4. Next, the participant’s gatekeeper, who was identified by the participant as the 
main technology influencer, was interviewed. Similar to step 1 and 2, the 
repertory-grid data elicitation combined with fuzzy cognitive mapping also 
resulted in a basic fuzzy cognitive map of the elderly woman’s mental model and 
a voice recording of the interview. This map captured how the gatekeeper 
influenced the participant’s decision during the adoption. This resulted in another 
mental model (fuzzy cognitive map) of the elderly person as viewed from the 
perspective of her gatekeeper.  
5. The interview of the participant-gatekeeper pairs was conducted for two pairs.  
The initial (pre-adoption) fuzzy cognitive maps of the mental models of the two elderly 
















Figure B - 4 The Initial FCM of Elderly Woman #2 by Gatekeeper 
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IV. Conceptual and Detailed Design of FCM Models 
During the steps of this section, all four models were augmented by the qualitative 
analysis part of the repertory grid that contributed to the content of the cognitive map. 
Additionally, the models were standardized through developing an ontology list – a list 
of the concepts that emerged from the FCMs and the qualitative codes from the 
interviews. This process served as a key step in the integration of all the FCM models 
and formation of the FCM simulation model. 
6. This step maximized the cognitive representation of each of the four 
interviewee’s mental models on the initial fuzzy cognitive maps. To manage the 
scope of the pilot study, I estimated the edge weights based on the information 
received during the interview. This was done instead of conducting the second 
set of interview (to create the structure of the model) in a later step.  Some of the 
edge weights were assigned during the interview part of the repertory-grid (in 
step 1 and 2); and some other during the qualitative analysis, when additional 
concepts were added to the participant’s map (using Atlas-Ti 7 software (Figure 
)). This was conducted by analyzing the voice recording of each interview and 
augmenting the participant’s FCM model using repertory-grid techniques. This 
approach generated new constructs from qualitative analysis of the interview, 
which were subsequently added to the emerging mental model. (As described in 
section 2.3., the repertory-grid is a grounded-theory elicitation technique that 
collects people’s constructs through three stages—observation, emergence of 
patterns and formation of constructs.) The repertory-grid technique was used 
due to its capability to obtain fresh set of user information (Whyte & Bytheway, 
1996). As shown in Figure , this process generated and grouped 250 codes that 
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yielded new concepts and relationships that were added to the initial FCM. The 
integrity of the augmented map was then tested against the participant’s initial 








Figure B - 6 250 Codes that is integrated into the FCM model   
7. The four FCM maps went through iterations of accumulative standardization 
across maps, where similar concepts and themes were merged and their links 
were consolidated. This led to the creation of an ontology list (all the standardized 
concepts and their definition as listed in Table B - 1). As part of the effort to 
generalize the models, the information related to the elderly’s profile was 
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extracted from the models and placed in separate files (as presented in Figure ). 
These profiles later helped validate the integrity of the resulting simulation model.  
 
Figure B - 7 Profile of each elderly is created from the qualitative analysis of the interviews 
Concept  Description Category 
Usefulness Elderly's perception of how useful the technology is Personal 
Tech Characteristics 
Ease of Use Elderly's perception of how easy it is to use the technology Personal 
Tech Characteristics 
Social Influence The influence of the people around the elderly in the technology use Social Influence 
Technical knowledge 
& Experience 
The technical knowledge and experiences of the elderly with ICT Personal 
Facilitating Condition Any type of training and tech support provided to elderly  Facilitating Condition 
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Adoption Intention Elderly's intention to adopt the technology Output Variable 
Adoption Elderly's acceptance and usage of the technology Output Variable 
Comfort Elderly's desire for comfort Personal 
Tech Characteristics 
Maintenance free The degree to which the technology does not need care and 
maintenance (Charging, resetting, etc.) 
Tech Characteristics 
Giving family peace of 
mind 
The degree to which the technology provides services that gives elderly's 
family peace of mind   
Tech Characteristics 
Independence Technology's capability to fulfill elderly's need & desire for independence  Personal 
Tech Characteristics 
Perceived cost The result of the cost/benefit analysis of the technology Personal 
Medical Care The advice or recommendation of the medical professional about using 
the technology 
Social Influence  
Usability The degree in which the technology is designed ergonomically (& meets 
elderly's cognitive condition) 
Tech Characteristics 
Working everywhere Technology's geographical range of operation (Inside and outside of 
place of residence) 
Tech Characteristics 
Waterproof Technology's capacity to operate when in contact with water Tech Characteristics 
Safety Technology's capability to fulfill elderly's need for safety Personal 
Tech Characteristics 
Saving Time The relative amount of time saved as a result of using the technology Tech Characteristics 
Reliability & 
Consistency 
The degree in which the technology operates consistently and reliably Tech Characteristics 
Voluntariness of Use Elderly's inherent willingness to use the technology Personal 
Positive attitude 
toward tech 
The degree in which the elderly think positively about the use of the 
technology 
Personal 
Portability The degree of the portability of the technology (how easy it is to 
carry/wear the tech. E.g. elderly thinks the wearable around the neck is 




The degree in which the technology enhances elderly's quality of life  Tech Characteristics 
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Self-efficacy Elderly's ability and confidence in successfully using the technology  Personal 
Promote Health The degree in which the technology provides health benefits  Tech Characteristics 
General Information The degree in which the technology provides useful information  Tech Characteristics 
Enjoyment The degree in which the technology provides joy (E.g. gaming, reading, 
socializing, etc.) 
Personal 
Connecting to family 
(& Friends) 








& available tech 
support 
The existence of a tech support that is convenient, available and 
dedicated to the elderly's learning (often provided by the elderly's 
gatekeeper, friends and family members) 
Social influence 
Facilitating Condition 
Resistance to change Elderly's inherent resistance to any change in her living environment 
(often intensifies with aging) 
Personal 
Friends & family The influence of the people who are close to the elderly in her 
technology use 
Social Influence 
Domestication The period when elderly tries the technology  Facilitating Condition 
Suggesting & 
encouraging 
The act of suggesting and encouraging the use of the technology Social Influence 
Convenient Tech 
support 
The existence of a tech support that is reachable and not intimidating by 
elderly 
Facilitating Condition 
Automatic The degree in which the use of technology doesn't require elderly's 




The degree in which elderly's gatekeeper is tech savvy  Social Influence 
Gifting tech The possibility and frequency in which the elderly receive technology for 
free 
Social Influence 
Accessibility (Visual & 
Bigger buttons) 
The degree in which the technology is designed so it can be easily used 
by elderly with cognitive decline and special needs 
Tech Characteristics 
More visual than 
typing or searching 
The degree in which the technology is designed so it can operate using 




Existential needs Elderly's perception of her needs Personal 
Simplicity & familiarity The degree in which the elderly desire for her life to be simple and her 
surroundings to be familiar 
Personal  
Size The bulkiness of the technology Tech Characteristics 
Battery life The period of time the technology operates before it needs to be 
recharged 
Tech Characteristics 
Preference of first 
asking gatekeeper for 
tech support 
Elderly's preference for asking for tech support from her gatekeepers 
first and only ask other sources if gatekeeper is not available 
Social influence 
Facilitating Condition 
Medical information The degree in which the technology provides useful health information 
(One of the most important type of information elderly seeks) 
Personal  
Tech Characteristics 
Fear of asking naive 
questions 
Elderly's inherent reluctance and fear about asking tech questions due to 





Elderly's degree of trust to her gatekeeper that leads to the immense 
influence of gatekeeper on elderly's TA decision 
Personal 
Tech cool factor Elderly's pride to look tech savvy and cool in her social surroundings  Personal  
Social Influence 
Aging The effect of human aging Personal 
Reduce Burden Elderly's desire to reduce burden on her gatekeeper and family members Personal  
Social Influence 
Continuity & 
availability of support 
The degree in which tech support is continuous and available to the 
elderly 
Facilitating Condition 
Table B - 1 Pilot Study Ontology List 
8. For every participant-gatekeeper pair, the augmented FCM maps (resulted from 
step 6 & 7) were merged into a single, merged FCM (FCMmerged) that provided a 




The steps 6, 7 & 8 were repeated for the two elderly-gatekeeper pairs, which resulted 
in an FCMmerged model for every pair (a total of two FCMmerged).  
9. Inter-group analysis then became the focus of the study. Patterns of adoption 
were studied as part of the analysis of the models. These patterns provided 
insights into the intricacies of the elderly women’s adoption decision making and 
how the adoption decision was influenced by the gatekeepers.  
10. Integration of the FCMmerged models followed. Two merged models were 
integrated into one model that contained the collective knowledge of the elderly-
gatekeeper pairs. The resulting model highlighted the critical drivers and barriers 
of the technology adoption and how these factors influenced each other. The 
integrated model, FCMint (as depicted in Figure B - 8) also shows how 
gatekeepers influence such key drivers and barriers. 
11. Model Structure building: this process was conducted in parallel with the model 
content building during the qualitative data collection and analysis as detailed 
above. As such, this step in pilot study did not follow the step 11 of the proposed 
method. This work-around was conducted to manage the scope of the pilot 
study. Instead, during the qualitative analysis, the degree of the influence of the 
concepts (structure) were extracted from the information from the first set of 
interview.   
The resulting integrated model (FCMint) formed the simulation model (FCMdm) 




Figure B – 8 The Integrated FCMint (Simulation model) 
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V. Test and Validation 
The following validations were conducted to test the simulation model on each 
participant’s profile to ensure it successfully represents the initial FCM models.  
12. Internal Validation of the integrated FCM was then conducted. This was done by 
testing the model’s outcome for each elderly woman-gatekeeper pair to validate 
the integrity of the model. To do this, the model behavior was tested against each 
elderly’s initial perception of the technology (the filed profile depicted in Table B 
- 7). For each pair, the behavior of the integrated FCM complied with that of the 
FCMmerged (The adoption intention and adoption resulting values successfully 
reflected the information captured in the elderly interview). This step resulted in 
the FCMint and consequently the simulation model: FCMdm. 
The pilot study did not perform step 13: Expert Validation of the integrated FCM due to 
the limited nature of the study. The FCMint consequently served as the simulation model: 
FCMdm. 
Post-adoption interview 
To validate the accuracy of the simulation model, i.e. the FCMdm‘s predictability, the pilot 
study conducted a post-adoption interview of the elderly women to capture the actual 
adoption behavior and test that the simulation model could successfully predict that 
behavior. To do this, I went back to the elderly women after the trial period of the 
EverWrist and talked to them about their experience. I then created the post-adoption 
profile for each elderly woman (elderly woman #1’s depicted in Table B - 2, and elderly 
woman #2’s in Table ). The quantified input vectors were assigned a number (from -1 to 
+1) that best represented elderly’s situation. From there the simulation model behavior 
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was tested against each elderly woman’s initial profile in Table  and Table . This was 
done using FCM simulation. For each elderly-gatekeeper pair, the profile was translated 
into a set of input concepts that best presented each profile (input vectors as displayed 
in the value column in Table  and Table ). As displayed in Table B - 4 Elderly Woman 
#1 EverWrist Trial Simulationand Table B - 5 Elderly Woman #2 EverWrist Trial 
Simulation, the FCM simulations for both sets of input vectors resulted in negative 
adoption intention and adoption values. These results were in line with the post-adoption 
profile, and therefore the simulation model generated by the proposed research method 
accurately predicted the adoption behavior of its participants.  
 




Table B - 3 Elderly Woman #2 Post-adoption profile 
In summary, the pilot study has successfully validated the proposed research method. 
Evidently, it resulted in a simulation model that successfully reflected its participants’ 
mental models. The simulation model can simulate different planned scenarios and 
consequently provide insight as to what scenarios lead to successful adoption. For 
example, it can simulate different product characteristics to identify the characteristics 













Questionnaires Used in Pilot Study  
 




  Participant perception questionnaire   
Please provide your perspective of the EverWrist fall detection (scale of 0 to 100). Feel free 
to talk about it.  
1 How useful the product seem to you?  …………… 
2 How easy is it to use it? …………… 
3 How much influence your family (your daughter or study partner) have on you 
in using EverWrist? …………… 
4 How much influence other people around you might have on you in using 
EverWrist  
(E.g. your friends using it)?  …………… 
5 How important is to have training and help in using EverWrist?  …………… 
6 How much experience do you have with technology? …………… 
7 Would you consider yourself tech savvy? …………… 
8 How much do you enjoy or like to work with technology? Would you volunteer 
to use EverWrist (or other technologies) for its benefits, if it was entirely up to 
you? …………… 
9 If at the end of the trial you are given the EverWrist, how would you rate your 
intention to use it? …………… 
10 If at the end of the trial you are given the EverWrist, what is the probability that 
you would actually keep using it? …………… 





Appendix C – Qualitative (QUAL) Research Data Collection Supporting Material 
C.I. Participants Consent Form 
 
The Portland State University  
Consent to Participate in Research 
Technology Adoption among Senior Women 
You are being asked to participate in a research study by Antonie Jetter, who is the 
Principal Investigator from the Department of Engineering and Technology 
Management, at Portland State University. This research is studying how women 
accept healthcare technologies. You are being asked to participate in this study 
because you are either: 
- A woman of 65+ years of age and intending to tryout a remote health 
monitoring watch, or 
- The study partner of a women who is intending to tryout a remote health 
monitoring watch 
This form will explain the research study, and will also explain the possible risks as 
well as the possible benefits to you. If you have any questions, please ask one of the 
study investigators.  
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What will happen if I decide to participate?    
We will contact you to set up time and location for an interview that is convenient to 
you. Most meetings will be held during regular office hours in your home or a public 
meeting space most convenient to you. During the interview, we will ask you to freely 
explain your opinion about the health technologies you have used and/or will likely 
to use, and explain about your motivations, concerns and preferences in regards to 
them. During these conversations we will help you to practice and will draw your 
graphical mental model (“cognitive maps”) where we draw important concepts you 
mention and draw links between them to show their influence on each other. The 
interview will be audio recorded to make sure that your comments are recorded 
accurately.  
How long will I be in this study?  
Participation in this study will take 2 to 3 hours in total. We will ask to interview you 
twice (1-1.5 hours for each interview), once before and once after the trial of a remote 
health monitoring product.  
 
What are the risks or side effects of being in this study?     
Some people may find it difficult to talk to researchers or other participants about 
their decision-making process or their needs and preferences in regards to 
technologies. They may experience stress. You are free to stop participating in this 
study at any time and for any reason. Though we try to accommodate different needs 
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and schedules, you may be inconvenienced by the study participation. Though 
unlikely, there is the risk of a possible loss of privacy and confidentiality in a research 
study. For more information about risks and discomforts, ask the investigator.  
What are the benefits to being in this study?   
You may not receive a direct benefit from participating in this research. However, 
some people find sharing their information and learning about cognitive maps a 
valuable experience. We hope that this study will contribute to learning ways to better 
acceptance of technologies and result in improving women’s health. 
How will my information be kept confidential?  
We do our best to protect the security of all your personal information, but we cannot 
guarantee confidentiality of all study data. To keep your information as safe as 
possible, we will store audio files and all other research data on the password 
protected PSU server and use special coding to protect your information. All the 
audio files and any other identifiable information will be destroyed immediately after 
the transcription and analysis (approximately within a year from data collection). To 
protect confidentiality, your name will not be used in a written copy of the interview 
/ focus group discussion.  
We plan to publish the results of the study, but we will not include any information 
that would identify you. Your name will not be used in any published reports about 
this study. Information contained in your study records is used by study staff. The 
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Portland State University Institutional Review Board (IRB) and/or other entities may 
be permitted to access your records, and there may be times when we are required by 
law to share your information. It is the investigator’s legal obligation to report child 
abuse, child neglect, elder abuse, harm to self or others or any life-threatening 
situation to the appropriate authorities, and; therefore, your confidentiality will not 
be maintained. 
Will I be paid for taking part in this study?   
You will not be paid for taking part in this study and will have to pay for your own 
travel expenses. If you come by car to a university location, we will be able to 
reimburse your parking on university assigned parking lots.  
Can I stop being in the study once I begin?   
Yes, you can stop participating in this study at any time.  
 
Whom can I call with questions or complaints about this study?    
If you have any questions, concerns or complaints at any time about the research 
study, Antonie Jetter, or her associates will be glad to answer them at 503-725-4663.  
Whom can I call with questions about my rights as a research participant?  
If you have questions regarding your rights as a research participant, you may call 
the PSU Office for Research Integrity at (503) 725-2227 or 1(877) 480-4400. The 
IRB is a group of people from PSU and the community who provide information 
about safety and ethical issues related to research involving human participants. For 





By signing this consent form, you are agreeing that: 
 You have read this consent form (or it has been read to you) 
 You have had an opportunity to ask questions and all questions have been 
answered to your satisfaction 
 You understand that you may leave the study at any time  
 You understand that you are not waving any of your legal rights as a research 
participant 
 Your participation in this research is completely voluntary. 
 You have received a copy of the consent form for your record. 
________________________ __________________________ ___________  
Name of Adult Subject (print) Signature of Adult Subject Date 
INVESTIGATOR SIGNATURE 
This research study has been explained to the participant and all of his/her questions 
have been answered. The participant understands the information described in this 
consent form and freely consents to participate.  
_________________________________________________  
Name of Investigator/ Research Team Member (type or print)  
________________________________________________ _______________ 
(Signature of Investigator/ Research Team Member) Date 
 
C.II. Open-ended Interview Questions 
 






1 How useful do you think technology is in keeping you healthy?  
 
Are you familiar with Activity Tracking? Do you belive it would provide any 
health benefit? If yes, what? 
2 
How useful is activity tracking to you? Why is it useful? What makes it 
useful? ( 
3 What are the activity measures you are interested in? 
 
- Do you think the type of data this watch collects will benefit you, your 
loved ones or your clinician? 
5 
What challenges do you think there are in using the devise? In general or in 
particular to an activity tracker?  
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6 If you could change anything about the watch, what would that be? 
 - What would you do to make it easier? 












Who has the most influence in your technological decisions? and medical 
decisions? 
9 How did you decide to volunteer to test this device? 
10 Do you think using the device will be fun? What did you enjoy about it? 






How close are you to your family and friends? What is the most important 
social community you have? 
13 
Do your kids think you should use technology? How about using Activity 
Tracker? 
14 If they do, How do they generally influence your technology use? 
15 By suggestion?  
16 By showing and making you familiar with technology?  
17 
By teaching you how to use it or being available to answer any questions 
you might have?  
18 By buying or giving you the technology? 
19 Are your family or friends tech savvy? How much do they use technology? 
20 
Do your family/friends have a lot of experience with technology? How do 
they like using technology? 
21 
Do you think they have any influence in making you feel that technology is 
useful or easy to use? 
22 
How about your other social surrounding, do they have any influence or 









How do you usually learn to use a technology? Do you read manual, ask 
someone (who)? Trial & Error? Or call/go to help desk? 
24 
How do you learn how to use technology? Do you call help desk/call your 
social circle/read manual/trial and error? 
25 Do you have the resources you need to use technology? 
26 
Are your social circle available to help you use the system? (what system, 
tracker?) 
Self-Efficacy 
27 Can you usually use technology without help? 
28 Can you usually use technology if you have someone to call if needed? 
29 Can you usually complete a task with technology if you have enough time? 
30 
What type of assistance do you prefer to have? Professionals (like Apple 
Genius bar) or friends or your kids? 
31 
Do you ever fear to make a mistake with technology? (e.g. hitting a wrong 
key and losing information) 










If have the choice to keep these watches, do you think it would be worth 
keeping them? Do you know if you will continue to use it? 
34 





 - What other technologies do you use? 
36 
Do you have a lot of experience with technology in general? Can you 
explain? 





Appendix D – Qualitative (QUAL) Research Analysis Supporting Material 
 
Figure D - 1 Case Study Open Codes on the right and Code families in left from Atlas.ti 
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Appendix E – Quantitative (quan) Data Collection Supporting Material 
E.I. Quantitative (quan) Data Collection Structured Survey Instrument 
It’s worth to note that the choices in the multiple choices ask the participants to 
identify the degree of the ‘importance’ of the links as opposed to the ‘strength’ of 
the links. This is mainly due to the elderly choice of the wordings as observed 
during the ethnographic interviews. Although the two words have different 
meaning, in the context of this inquiry they were used interchangeably as I 































Q2 Your education 
 
Less than high 
















Q3 Your gender: 
o Male  (1)  








Q5 Here is a model to show how older women decide whether to accept and use an activity tracker. Since 
it looks pretty complicated, we are going to focus on one concept at the time and rate how much each of 
the input nodes influences their output nodes.  Please respond to the best of your knowledge, but if it 




Q6 Here in the survey, the FCM integrated model was displayed to provide an overall picture of the 
elderly mental model. It was explained that the interviewer is going to take the participant through each 





























the intention to 
use the activity 




support & training 
(2)  




























usefulness (1)  o  o  o  o  o  o  
ease of use (2)  o  o  o  o  o  o  
knowing you 
can figure it out 
(3)  o  o  o  o  o  o  
willingness to 
use the 





























reliability of the 
technology (1)  o  o  o  o  o  o  
to promote 
health (2)  o  o  o  o  o  o  
fills a need (3)  o  o  o  o  o  o  




usefulness (5)  

































capabilities (1)  o  o  o  o  o  o  
health Concerns 
(like fall or heart 




what the activity 
tracker can do for 
me) (3)  
o  o  o  o  o  o  
aging (the older I 
get the less I feel I 
need a technology 
in my life) (4)  



































you were) (1)  




rate, etc.) (2)  





























how simple & 
familiar it is (e.g. 
no. of clicks to do 
a task) (1)  
o  o  o  o  o  o  
how usable it is 
(bigger brighter 
screen or button or 
font, etc.) (2)  















Q20 Rate the importance of these factors in deciding how simple and/or familiar an activity tracker is:   
  



















it is simple 
looking (doesn't 
have a lot of 
bells and 
whistles) (1)  
o  o  o  o  o  o  
it's automatic (2)  o  o  o  o  o  o  
I have used it 
and become 
familiar with it 
(3)  




complicated (4)  
































how simple & familiar 
it feels like (1)  o  o  o  o  o  o  
how automatic it is (2)  o  o  o  o  o  o  




o  o  o  o  o  o  
needing care (need for 
& frequency of 
charging, etc.) (4)  o  o  o  o  o  o  
getting older making it 
hard to work with 











Q24 Rate the importance of these influencing factors in your decision on whether the activity tracker 





















its actual look (1)  o  o  o  o  o  o  
if it makes me 
look cool and 
techie enough in 
front of my 
grandkids or other 
loved ones (2)  
o  o  o  o  o  o  
wearing it make 
me look old (3)  o  o  o  o  o  o  
the older I get the 
less I care about 
































how easy it is to 
use (1)  o  o  o  o  o  o  




it to you) (3)  
o  o  o  o  o  o  
if I know I can 
figure it out (4)  o  o  o  o  o  o  
willingness to 
using it (5)  o  o  o  o  o  o  
the older I get the 
less I want to try 
a new technology 
(6)  































your loved one has 
suggested it to you 
(1)  o  o  o  o  o  o  
you have tried it 
yourself (2)  o  o  o  o  o  o  
people around you 
use it (3)  o  o  o  o  o  o  
if you had working 
experience with 
technology in your 
past career (4)  
o  o  o  o  o  o  
if you have read or 
heard about its 
benefit from other 
sources (e.g. 
newspaper or 
online) (5)  
































seeing others use 
it (1)  o  o  o  o  o  o  
you had working 
experience with 
technology in 
your past career 
(2)  
o  o  o  o  o  o  
the older I get 



































the actual cost 
of the activity 
tracker (1)  o  o  o  o  o  o  
being frugal (2)  o  o  o  o  o  o  
how useful it is 
(3)  o  o  o  o  o  o  
if it was given 
































trusting my ability to 
figure it out (1)  o  o  o  o  o  o  
having a generally 
positive attitude toward 
it (2)  o  o  o  o  o  o  
If the technology looks 
good or cool (3)  o  o  o  o  o  o  
wearing it gives my 
family peace of mind 
(4)  o  o  o  o  o  o  
it makes me connect 
with my family (5)  o  o  o  o  o  o  
it helps reduce my 
burden on others (6)  o  o  o  o  o  o  
it’s given to me (7)  o  o  o  o  o  o  
it’s suggested to me (8)  o  o  o  o  o  o  
my doctor recommends 






























it makes me 
look too old 
(1)  o  o  o  o  o  o  
it’s too 
expensive for 
what it does 
(2)  
o  o  o  o  o  o  
getting older 
(3)  o  o  o  o  o  o  
not wanting 
to change my 


































ability to figure 
technology out (1)  o  o  o  o  o  o  
your willingness to 
use and figure our 
technology (2)  o  o  o  o  o  o  
reaching out to 
professional 
support (3)  o  o  o  o  o  o  
reaching out to free 
community support 
(4)  o  o  o  o  o  o  
having access to a 
continuous one-on-
one support (5)  o  o  o  o  o  o  
having a family 
that helps with 
technology (6)  o  o  o  o  o  o  
being connected to 
your family  (7)  o  o  o  o  o  o  
having a techie 
loved one who 
lives close by (8)  o  o  o  o  o  o  
how techie your 
loved one is (9)  o  o  o  o  o  o  
having techie 
people around you 
(10)  o  o  o  o  o  o  
the older you get 
the less effective 
the support gets 
(11)  


































not wanting to spend 
money on support 
(1)  o  o  o  o  o  o  
willingness to use 
technology (2)  o  o  o  o  o  o  
availability of free 
limited professional 
support (like close 
by REI store, etc.) 
(3)  
o  o  o  o  o  o  






o  o  o  o  o  o  
availability of simple 
free instruction (5)  o  o  o  o  o  o  
availability of local 
group training (e.g. 
library training 
classes) (6)  
o  o  o  o  o  o  
the older the less 
likely I reach for 
technology support 
(7)  




































support (2)  
o  o  o  o  o  o  
not wanting to 
spend money on 


































(1)  o  o  o  o  o  o  
having a family 
that helps with 
technology (2)  o  o  o  o  o  o  
being close to 
family (3)  o  o  o  o  o  o  
your techie 
helper lives 
close by (4)  o  o  o  o  o  o  
having a techie 
person who is 




support (6)  
































having a techie 
person(s) in your 
family (1)  o  o  o  o  o  o  
how emotionally 
close you are to 
your family (2)  o  o  o  o  o  o  
your techie help 
lives close by (3)  o  o  o  o  o  o  
how technical 
your techie 
person is  (4)  o  o  o  o  o  o  
having a techie 
person(s) outside 
your family (5)  o  o  o  o  o  o  
having techie 
social circle (6)  o  o  o  o  o  o  
having social 
circle (7)  o  o  o  o  o  o  
the older you are 
the less you care 












Q48 Rate the importance of these factors that influence getting effective technology advice from your 
surroundings:   
  
  



















having a techie 
person(s) in your 
family helping you 
(1)  
o  o  o  o  o  o  
being emotionally 
close to your 
family who is 
suggesting 
technology (2)  
o  o  o  o  o  o  
your techie help 
who lives close by 
suggesting it (3)  o  o  o  o  o  o  
how technical your 
techie person is  
(4)  o  o  o  o  o  o  
having a techie 
person(s) outside 
your family (5)  o  o  o  o  o  o  
having techie 
social circle (6)  o  o  o  o  o  o  
your doctor 
recommending the 


































person(s) is a 
family member 
(1)  
o  o  o  o  o  o  
being emotionally 
close to your 
family (2)  o  o  o  o  o  o  
your techie help 
lives close by  (3)  o  o  o  o  o  o  
how technical 
your techie person 
is  (4)  o  o  o  o  o  o  
your techie person 
has financial 













Q52 Rate the importance of these factors that influence your desire to use activity tracker to reduce 




















person(s) is a 
family member 
(1)  
o  o  o  o  o  o  
being 
emotionally 
close to your 
family (2)  
o  o  o  o  o  o  
how technical 
your techie 













Q54 Rate the importance of these factors that influence your decision to use activity tracker to give your 




















person(s) is a 
family member (1)  o  o  o  o  o  o  
being emotionally 
close to your 
family (2)  o  o  o  o  o  o  
how technical your 
techie person is  













Q56 Rate the importance of these factors that influence your desire to use activity tracker to better 




















(1)  o  o  o  o  o  o  
having a social circle 
(2)  o  o  o  o  o  o  
your techie person(s) 
is a family member 
(3)  o  o  o  o  o  o  
your techie person is 
not family (4)  o  o  o  o  o  o  
being emotionally 
close to your family 
(5)  o  o  o  o  o  o  
your technology 
support techie person 
lives close by (6)  o  o  o  o  o  o  
how technical your 


































close to your family  
(1)  o  o  o  o  o  o  
having a techie 
grandchild(ren) who 
help(s) with 
technology (2)  
o  o  o  o  o  o  
having a techie 
daughter who helps 
with technology (3)  o  o  o  o  o  o  
having other techie 
family member(s) 
who help with 
technology (4)  









E.II. Adjacency Matrices of the Elderly Women Participants  
 




































































Table E - 16 Elderly Woman (P8) Adjacency Matrix (second half) 






































Table E - 24 Elderly Woman (P13) Adjacency Matrix (second half) 
The elderly woman (P14) was no longer able to take part in the research and hence the data set is missing 




















Created on Sat Mar 31 16:04:39 2018 
 
@author: Payam Aminpour 
         Michigan State University 
         aminpour@msu.ed 
""" 
 
import matplotlib.pyplot as plt; plt.rcdefaults() 
import matplotlib.pyplot as plt 
import xlrd 
import pandas as pd 
import numpy as np 
import networkx as nx 
 
 
####### Read the Excel file "AllParticipants" with all participants in 
different sheets############ 
# file_location = "C:/Paym Computer/Oil Safety 
Project/Noshad/AllParticipants.xlsx" 
file_location = "C:/Dissertation/quan 
DC/Clusterig_FCMs/AllParticipants.xlsx" 
workbook = xlrd.open_workbook(file_location) 
sheet = workbook.sheet_by_index(0) 
n_concepts = sheet.nrows-1 
 
########## Create a dictionary keys = name of participants;  values = 
Adj Matrix 
Allparticipants={} 
IDs = []  # each participant has a unique name or ID 
for i in range(0,13): 
    
    sheet = workbook.sheet_by_index(i) 
    Adj_matrix = np.zeros((n_concepts,n_concepts)) 
    for row in range (1,n_concepts+1): 
        for col in range (1,n_concepts+1): 
            Adj_matrix[row-1,col-1]=sheet.cell_value(row,col) 
    IDs.append(sheet.cell_value(0,0)) 
 
    Allparticipants[sheet.cell_value(0,0)]=Adj_matrix 
 
 
###### Read the Excel file "categories" 
################################### 
# Categories of nodes 
file_location_no = "C:/Dissertation/quan 
DC/Clusterig_FCMs/categories.xlsx" 
 
workbook_no = xlrd.open_workbook(file_location_no) 
sheet_no = workbook_no.sheet_by_index(0) 
nnod = sheet_no.nrows -1 
node_cat = {}     # a dictionary with keys = nodes; values = category 
of the node 
 
for nod in range(nnod+1): 
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    node_cat[nod] = sheet_no.cell_value(nod,1) 
     




    '''Generate an FCM''' 
     
    adj = Allparticipants[ID] 
    FCM = nx.DiGraph(adj) 
          
    return FCM  
 
def sum_centrality (agent): 
    ''' measure the sum centrality of categories''' 
    sum_cent = {} 
    for cat in All_cats: 
        sum_cent[cat]=0 
        for nod in agent.FCM.nodes(): 
            if node_cat[nod] == cat: 
                sum_cent[cat] += agent.centrality()[nod] 
    return sum_cent 
 
def similarity (agent,FCM_Reference): 
    ''' how similar the FCM is to the FCM Reference'''    
    def select_k(spectrum, minimum_energy = 0.9): 
        running_total = 0.0 
        total = sum(spectrum) 
        if total == 0.0: 
            return len(spectrum) 
        for i in range(len(spectrum)): 
            running_total += spectrum[i] 
            if running_total / total >= minimum_energy: 
                return i + 1 
        return len(spectrum) 
     
    laplacian1 = 
nx.spectrum.laplacian_spectrum(agent.FCM.to_undirected()) 
    laplacian2 = 
nx.spectrum.laplacian_spectrum(FCM_Reference.to_undirected()) 
    k1 = select_k(laplacian1) 
    k2 = select_k(laplacian2) 
    k = min(k1, k2) 
    similarity = sum((laplacian1[:k] - laplacian2[:k])**2) 
             
    return similarity 
 
########### A class of agents with FCMs and IDs############ 
class Agents (object): 
     
    def __init__ (self,ID): 
        self.ID = ID 
        self.FCM = FCM(self.ID) 
        self.catego_sum_centrality = sum_centrality(self) 
 
     
    def centrality (self): 
        '''calculate centrality from FCM theory'''   
 
        ################MentalModeler Centrality############ 
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        cent ={} 
        outd = self.FCM.out_degree(nbunch=None, weight='weight') 
        ind = self.FCM.in_degree(nbunch=None, weight='weight') 
        for nod in self.FCM.nodes(): 
            cent[nod] = abs(outd[nod]) + abs(ind[nod]) 
        ##################################################### 
         
        #cent= nx.degree_centrality(self.FCM) 
        #cent = nx.betweenness_centrality(self.FCM,normalized=True, 
weight='weight') 
        #cent= nx.closeness_centrality(self.FCM) 
        #cent = nx.katz_centrality(self.FCM, alpha=0.1, beta=0.5, 
max_iter=1000, tol=1e-06, normalized=False, weight='weight') 
        return cent 
# generating 13 agents 
agents=[] 
n = 13 
for Id in IDs: 
    a = Agents(ID=Id) 
    agents.append(a) 
############# This is Function generating the reference FCM 
############# 
def Fcm_Reference(How): 
    '''there are several ways to generate Reference_FCM 
        # FCM_Reference is the average of all FCMs (including zeros)  
        # FCM_Reference is the average of all FCMs (excluding zeros)  
        # FCM_Reference is a n*n zeros matrix                         
        # FCM_Reference is a n*n ones matrix ''' 
                        
    if How == "ave_in_zeros": 
        adj=np.zeros((n_concepts,n_concepts)) 
        for ag in agents: 
            adj+=nx.to_numpy_matrix(ag.FCM) 
     
        FCM_Reference = nx.DiGraph(adj/13) 
         
    if How == "ave_ex_zeros": 
        adj = np.zeros((n_concepts,n_concepts)) 
        count = np.zeros((n_concepts,n_concepts)) 
        adj_ag = np.zeros((n_concepts,n_concepts)) 
 
        for ag in agents: 
     
            Adj_matrix = np.zeros((n_concepts,n_concepts)) 
 
            for i in range (0,n_concepts): 
                for j in range (0,n_concepts): 
                    Adj_matrix[i,j]=nx.to_numpy_matrix(ag.FCM)[i,j] 
                    if nx.to_numpy_matrix(ag.FCM)[i,j] != 0: 
                        count[i,j] += 1 
     
     
            adj += Adj_matrix 
            adj_copy = np.copy(adj) 
            for i in range (n_concepts): 
                for j in range (n_concepts): 
                    if count[i,j] == 0: 
                        adj_ag[i,j] = 0 
                    else: 




        FCM_Reference = nx.DiGraph(adj_ag) 
         
    if How == "ones": 
        FCM_Reference = nx.DiGraph(np.ones((n_concepts,n_concepts))) 
         
    if How == "zeros": 
        FCM_Reference = nx.DiGraph(np.zeros((n_concepts,n_concepts))) 
         
    return FCM_Reference 
####################################################################### 
####### You have to choose one way to generate a Reference FCM ######## 
FCM_Reference = Fcm_Reference("ave_in_zeros") 
 
# a dictionary with keys = agent.ID and values = simil index of the 
agent's FCM 
simil = {} 
for agent in agents: 
    simil[agent.ID] = similarity (agent,FCM_Reference) 
 
 
################## K-Mean clustering 
##################################### 
from sklearn.cluster import KMeans 
X = np.array(list(simil.values())) 
km = KMeans(n_clusters=2) 
km.fit(X.reshape(-1,1))  




for i in Indiv_Clusters: 
    if i[1]==1: 
        print (i[0] , "is in   cluster 1") 
        cluster0.append(simil[i[0]]) 
    else: 
        print(i[0] , "is in   cluster 0") 
        cluster1.append(simil[i[0]]) 
         
 
plt.figure(figsize=(10,2))     
plt.rc('xtick',labelsize=14) 
plt.rc('ytick',labelsize=0) 
    
plt.plot(cluster0, np.zeros_like(cluster0), 
         'x' , markersize = '6', color = 'g' , label='cluster 0') 
 
plt.plot(cluster1, np.zeros_like(cluster1), 






















E.V. Adjacency Matrix of FCMConnected 
 








E.VI. Adjacency Matrix of FCMIsolated 
 
 









Appendix F - Quantitative (quan) Analysis Supporting Material  
 
Figure F - 1 Typical FCM Simulation using Excel  
Adoption
Adoption Intention









Aging & cognitive decline
Technical knowledge & experience
Perceived simplicity & familiarity
Tech usability & accessibility
Perceived usability & accessibility
Tech capabilities
Tech suggestion, introduction & encouragement
Tracing activities
Exploring tech
Tech simplicity & familiarity






Tech making E look old
Perception of how much tech make E look old
Community tech support
Connecting to loved ones
Concerns







Perception & importance of tech aesthetic
Tech aesthetic apeal
Clinician recommendation
Giving GK peace of mind
Positive attitude toward tech
Resistance to change
Being frugal
Reaching free community support
Reaching professional fee-based support
Continuous 1-on-1 walkthrough support
Free limited professional support







Having gatekeeper(s) other than family
Having grandkids
Having other gatekeeping family members






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix G – Results 
I. Common Ontology (Codebook) 
# C# Concept Name Concept Description 




The degree in which the technology provides useful health 
information  
2 C33 
Lack of tech 
robustness 





General tech aesthetic appeal, from its physical look appeal 




The degree in which the technology is automatic and 
doesn't require human intervention to operate (pressing 
button, etc.) 
5 C17 Tech capabilities 
Tech features that provide safety (like fall detection), 
independence & needed health information  




The accumulative efforts to keep the technology up and 
running (the frequency of charging, whether its waterproof 
or needs to be taken off and on) 
8 C28 
Tech making E 
look old 
The degree in which wearing the technology make the 
elderly look old 
9 C21 
Tech simplicity & 
familiarity 
How simple it is to operate the technology and how familiar 
it looks  
10 C15 
Tech usability & 
accessibility 
The degree in which the technology is designed 
ergonomically suitable so it can be easily used by elderly 
with cognitive decline and special needs 
11 C19 Tracing activities Tech ability to track activities (e.g. distance, elevation, etc.) 




Elderly's intention to adopt the technology 
13 C12 
Aging & cognitive 
decline 
The physical & emotional effects of aging (e.g. cognitive 
decline) that influence elderly's technology usage 
14 C46 Being frugal 
The degree in which the elderly is economical with regards 
to purchasing technology or paying for technical support 
15 C32 Concerns 
Elderly concerns and needs that can be alleviated using the 
technology under study.  Such as independency, and health 
& safety concerns. 
16 C20 Exploring tech 







Accumulative effects of all the personal perspectives, 
opinion and motivation that positively affect elderly 





The degree in which free community support is available to 





The degree in which fee-based professional support is 




Accumulative effects of all the personal perspectives, 
opinion and motivation that causes elderly resistance to 
change her current habits or start a new one to use 
technology 
21 C7 Self-efficacy 




Use Elderly's inherent willingness to use the technology 
  Elderly Perceptional Concepts 
23 C22 
Knowledge about 
the tech utility Elderly's product awareness 
24 C26 Perceived cost 
Elderly's perception of the relative cost vs. benefit of the 
technology 
25 C3 
Perceived Ease of 
use Elderly's perception of how easy it is to use the technology 
26 C8 Perceived needs 






Elderly's perception of how simple and familiar the 
technology is (e.g. the number of steps taken to use the tech 





Elderly's perception of how ergonomically friendly the 
technology is (e.g. it's comfortable to wear, see information 
and use). This is both in general and in particular if elderly 
has a disability (Tremor, low vision, etc.) 
29 C23 
Perceived 





The perception of how aesthetically appealing the tech is 
and how important that look is to the E (including look, cool 
factor and pride to look tech savvy) 
31 C29 
Perception of 
how much tech 
make E look old 
Perception of how much tech make E look old as if she 
would need assistive device (i.e. walker effect) 
32 C9 Promote health 
The degree in which the technology provides health benefits 
in ways unavailable or hard otherwise 







The limited free support given by store staff to promote 
their sale. Like Apple Genius diagnosis service or call center, 
or the company store(Apple) or other store (e.g. REI) 
34 C51 
Having tech 
savvy social circle 
the degree in which E is surrounded by tech savvy family 









The degree in which the E is emotionally close to and in 




Free available tech support that is available and accessible 










proximity How close to elderly gatekeeper lives 
40 C36 
Gatekeeper tech 





E's gatekeeper's inability or limited ability to financially 




other than family 
Having other people who serve as E's main point of contact 
for anything related to technology (anything from modeling, 
suggesting, becoming the reason to use, to helping, training 





Having a caregiver who becomes E's main point of contact 
for tech support or her door to the world of technology  
(anything from modeling, suggesting, to helping, training 





E's daughter being the main point of contact for anything 
related to the technology; i.e. she opens the door to the 
world of technology for mom  (anything from modeling, 
suggesting, becoming the reason to use, to helping, training 





E's children being the main point of contact for anything 
related to the technology; i.e. the family opening the door 
to the world of technology for mom (anything from 
modeling, suggesting, becoming the reason to use, to 





Having a friend who serves as E's main point of contact for 
anything related to technology (anything from modeling, 
suggesting, becoming the reason to use, to helping, training 







Having one or more grandchildren who serve as E's main 
point of contact for anything related to technology 
(anything from modeling, suggesting, becoming the reason 
to use, to helping, training and supporting her tech use) 
48 C59 Having grandkids 
Having grandkids (who often create deep motivation to 





Having family member(s) than daughter or grandchild  who 
serve as E's main point of contact for anything related to 
technology (anything from modeling, suggesting, becoming 





Free group classes and training offered in E's community to 
facilitate her tech use. E.g. Local classes in the library or 
retirement community 
51 C61 
Other sources of 
information 
Learning about new technologies and their utility from 




Simple jargon free written or video instructions. The simpler 
step by step written the better; and more visual ones tend 
to be most popular 
53 C63 Social circle 
The degree in which E is surrounded by people other than 
her own family members 




Desire to connect to family (esp. grandchildren) & to a much 





Access to continuous 1-on-1 walkthrough support that is 
normally provided by a family member or someone whom E 





Sufficiency of  
Support & 
Training 
The effectivity & sufficiency of  Support & Training for the 
elderly to successfully use and continue to use the 
technology 
57 C38 Gifting tech 
Given the tech free of cost to E usually only by family 
members and could be both new or hands me down tech 
58 C43 
Giving GK peace 
of mind 
E's reassuring and giving peace of mind to her loved ones by 
using the technology 
59 C37 Reduce burden 
Reducing burden from the shoulder of E's family and other 
loved ones by using technology 
60 C11 Social learning 
Learning about the technology use by seeing the technology 





The act of suggesting, introducing & encouraging the 
adoption of the tech by people who E is close and trust in 
their intention and tech savviness 
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 Tech Adoption Concepts  





Elderly's technical experience & past adoptions from her 
















Appendix H – Case Study Participants’ Profiles 
Elderly Woman #1 
 
Elderly Profile P1  
 Interview Duration 56 min 
Age 83 
Health Condition OK 
Living condition Active elderly living by herself (with a cat) in her owned house 
Attitude toward Tech  Negative 
Self-efficacy Ok 
Experience some 
Driven by Need, prudence 
Has grandchildren? N 
Has & close to family ~ (has a daughter but not too close) 
Gatekeeper Daughter (46 min) 
Gatekeeper tech 
savviness No 
Degree of influence Little 
Influence Giving GK peace of mind, Desire to connect,  
Perceived Usefulness 
of the wearable 
It doesn't work well, it doesn't work outside and not reliable 
 
Perceived Ease of 
Use of the wearable 
It's relatively easy to use but I wish it was waterproof, I have to 
take it out 
Will she adopt if 
free? Maybe 
Will she buy to 
adopt? N 
Dominant Theme1 E identifies Need as the most important driver of HTA 
Dominant Theme2 In vivo: "I forget how to use it"; E needs a continuous support 
Dominant Theme3 I need the knowledge but need continuous support and repeating 
instruction or print out so I can go back to it 
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Dominant Theme4 She enjoys volunteering for OHSU and believe in helping and 
enjoys learning but not really willing to initiate learning tech and 
need familiar continuous FC 
Discovery  I need the knowledge but need continuous support and repeating 
instruction or print out so I can go back to it 
GK She enjoys volunteering for OHSU and believe in helping and 
enjoys learning but not really willing to initiate learning tech and 
need familiar continuous FC 






























Elderly Woman #2 
Elderly Profile P2 
 Interview Duration 77 min 
Age 69 
Health Condition Hand problem (Tremor) 
Living condition Retirement Community (RC) 
Isolated Semi (live in RC, have two daughters live far) 
Attitude toward Tech  Positive 
Experience some 
Hobbies Reading, Crochet, (TV to an extent) 
Driven by Need,  Connecting to the grandkids, Health 
Has grandchildren? Y (primary driver of TA) 
Has & close to family Y 
Gatekeeper Grand daughter and daughter (53 min) 
Gatekeeper tech 
savviness Y 
Degree of influence Strong 
Influence All 
Perceived Usefulness 
of the wearable 
It is not robust, I need something better 
 
Perceived Ease of 
Use of the wearable It's not hard as it is not intrusive but it’s too big 
Will she adopt if 
free? y 
Will she buy to 
adopt? N 
Dominant Theme1 
She is driven by perceived need, and unless domesticated through 
family she doesn't think she needs the tech.  
Dominant Theme2 
E is frugal and minimalistic and often tech has a high cost of 
ownership and since E doesn't have the perceived need for the new 
tech, she resist tech. This cycle only breaks with the family 
intervening by giving her gift 













Figure H - 9 Elderly Gatekeeper pair #2 integrated cognitive map 
 
460 
Figure H - 10 EW#2 interview open coding in Atlas.ti 
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Elderly Woman #3 
 
Elderly Profile P3 
Interview Duration 58 min 
Age 80 
Health Condition OK 
Living condition Retirement community 
Isolated Y 
Attitude toward 
Tech  Very Negative 
Experience some 
Driven by Need, Simplicity & Familiarity 
Has grandchildren? N 
Has & close to family N 
Gatekeeper Retirement community Volunteer Tech support (70 min) 
Gatekeeper tech 
savviness Y 
Degree of influence little 
Influence Some tech support 
Perceived 
Usefulness of the 
wearable I don’t need it 
Perceived Ease of 
Use of the wearable It's not hard as it is not intrusive but it’s too big 
Facilitating 
Condition Community volunteers & professionals 
Will she adopt if 
free? N 
Will she buy to 
adopt? N 
Note 
She does have a family who live in East Coast (no FC which 
resulted in tech abandonment) their influence is very negligible 
since they live far and not very emotionally close to E.  
Dominant Theme1 
E thinks she is healthy and does not think she needs tech, & 
identifies Need as the most important driver of HTA.  
Dominant Theme2 
In vivo: "Tech is not worth my time", tech is only good for 
communication; In vivo: "They better not give me anything 
techy!" 
Dominant Theme3 
E has a strong attachment to her old simple and familiar way of 
life. E.g. she googles and print the direction from computer and 
not her smartphone that she has but never uses!  
Dominant Theme4 
E is keep saying I don't need tech, but what she really is doing is 
that she is using many technologies that have become familiar 
over years (computer, printer, internet, social media (FB), phone 
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functionality of her smartphone, GPS, kindle). Her negative 
attitude is toward new technologies.  





























Elderly Woman #4 
Elderly Profile p4 
Interview Duration 55 min 
Age 94 
Health Condition Blind, Aphasia 
Living condition Retirement Community 
Isolated Y 
Attitude toward Tech  Very positive 
Self-efficacy Good 
Experience some 
Driven by Learning, Staying healthy, Connecting to the world 
Has grandchildren? N 




Degree of influence some (FC, Suggestion) 
Influence some 
Perceived Usefulness 
of the wearable 
It could be useful 
Perceived Ease of 
Use of the wearable 
It's really hard I can't see anything 
Will she adopt if 
free? y 
Will she buy to 
adopt? N 
Dominant Theme 1 
Tech enables this blind elderly, she enjoys and find way to connect 
to the world outside through technology 
Dominant Theme 2 
Tech helps alleviating Social Isolation 
Dominant Theme 3 E finds tech empowering, especially that as a blind woman tech 
helps her to read, write and do everyday activities 
Dominant Theme 4 Feels strong sense of need for technology, as tech helps her with 
everyday life, and gives her sense of purpose and existence 

























Figure H - 24 EW #4 integrated & standardized cognitive map  
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Elderly Woman #5 
Elderly Profile p5 
Interview Duration 47 min 
Age 90 
Health Condition Ok but rapidly cognitively and physically declining 
Living condition Retirement Community 
Isolated N 
Attitude toward Tech  Positive 
Self-efficacy OK 
Experience some 
Driven by Cost, stay connected to especially family & somewhat friends. 
Has grandchildren? N 
Has & close to family Y 
Gatekeeper Daughter (first line of tech support) (52 min) 
Gatekeeper tech 
savviness 
moderate (but has a son who is far but make suggestion and buys 
tech for E) 
Degree of influence Y (all by GK, and suggestion and gifting by the remote) 
Influence Y (All but gatekeeper is financially constraint) 
Perceived Usefulness 
of the wearable 
It doesn't work 
Perceived Ease of Use 
of the wearable 
It's not waterproof and doesn't show information 
Will she adopt if free? N 
Will she buy to adopt? N 
Note Although E has a positive view of tech she only uses tech when 
it's accompanied with a lot of continuous support and training 
Dominant Theme 1 CD (Cognitive Decline) is rapidly reducing E's willingness to try 
new tech  
Dominant Theme 2 Aging increases financial prudence in E and she just want to read, 
enjoy and connect  
Dominant Theme 3 Although cost is the biggest inhibitor, when savy family member 
suggest and often buys tech for her, she pays for it and uses it 
Dominant Theme 4 She keeps complaining that she doesn't remember things and 
needs a lot of practice and continuous support to use tech 
Dominant Theme 
raised by GK G: E heavily relies on habit when it comes to the everyday activity 
In vivo 
E: In vivo "I would love it if I had a little support system" (Minute 




G: When it comes to GK influence proximity and having daughter 
trumps tech savviness (GK i.e. daughter is the primary GK since 
lives close, even though son is more tech savvy and gift techs 
from distance) 
Table H - 5 Elderly woman #5 profile 
 

























Elderly Woman #6 
Elderly Profile p6 
Interview Duration 49 min 
Age 95 
Health Condition hearing and vison loss and declining 
Living condition Retirement Community 
Attitude toward Tech  OK   
Self-efficacy N 
Experience No 
Driven by Cost, pressing need 
Has grandchildren? N 
Has & close to family N 
Gatekeeper Friend (little influence) (36 min) 
Gatekeeper tech 
savviness N 
Degree of influence Low 
Influence Little (E: E with no family is influenced by friends through social 
learning) 
Perceived Usefulness 
of the wearable 
It's not reliable 
Perceived Ease of 
Use of the wearable 
It's too clunky 
Will she adopt if 
free? N 
Will she buy to 
adopt? N 
Dominant Theme 1 
Elderly although says has a positive attitude toward tech has no 
desire to try tech and CD is only making this high resistance to 
change higher.  
Dominant Theme 2 E is intimidated by tech and fear of breaking it, she states that she 
can’t figure our tech on her own 
  
GK who is an EW herself (93) and both (GK & E) are only using 
simple and familiar tech that they had adopted long ago when they 
were cognitively more healthy 
Dominant Theme 3 There are hardly any tech gatekeeping in E's life except social 
learning from limited social circle in her retirement community 
Dominant Theme 4 
There is a huge distance between Adoption Intention and Adoption, 
e.g. she has been interested in getting a tablet for a while but have 




Not having a very tech savy gatekeeper and family, there are hardly 
any influences important in tech adoption; as the result tech has 
hardly a place in E's life. This further contributes to E's social 
isolation 
Discovery 
E: The huge hurdle of ETA can only be overcome by tech addressing 
an essential need that can't be addressed otherwise (w existing 
ways) and is made known and advocated and supported to E 
GK 
 
G: GK who is also an E, has a negative view of tech, she thinks both 
her and E under study are healthy and can track their own health 
and don't need the tech to keep them healthy 
Discovery 
Interestingly enough the GK was also an EW (93 yrs friend in the 
retirement community), while she was keep insisting that the 
reason behind her lack of adoption was lack of need, she mentioned 
that she is terrible with technology and can never figure out how to 
use tech and always need a walk through; it seems that while PEOU 
is low, E indicates that PU is low; this could be due to being too 
proud to admit that she can't figure out tech, or look naive. PEOU 
remains to be the most important factor for EWHTA 





























Elderly Woman #7 
Elderly Profile p7  
Interview Duration 79 min 
Age 82 
Health Condition Familial Tremor  
Living condition Retirement Community 
Attitude toward Tech  Positive 
Self-efficacy Y 
Experience Y 
Driven by Social   
Has grandchildren? Y 
Has & close to family ~ 
Gatekeeper Daughter (46 min) 
Gatekeeper tech 
savviness y 
Degree of influence Low. E is not close to her family and as aging, gets more depressed 
and distance herself from family.  
Influence 
E doesn't reach out to the tech savvy family and refuse to accept 
gift or suggestion. (however Connecting and social learning 
influences are still present according to GKs but not E) 
Perceived Usefulness 
of the wearable 
It's not good for the prime time yet 
Perceived Ease of 
Use of the wearable 
It's OK 
Will she adopt if 
free? N 
Will she buy to 
adopt? May be but it has to much better than the one tried 
Note 
Overall, both the E and GK family are tech savvy and financially 
sound which results in having variety of techs, however as the E is 
aging, her ability to figure out tech and use new tech depletes.  
Dominant Theme 1 
Eventhoght E portraits herself as a tech savvy, as ages her tech use 
gets more and more limited, and she is quicker to abandon new 
tech and less challenge herself to stick with a tech.  
Dominant Theme 2 E is very prideful and is so worried about her image that she refuses 
to ask family for help and goes to professional FC 
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Dominant Theme 3 
E has a good self-efficacy and therefore willing to try and explore 
tech however according to daughter, her cognitive decline is making 
less patient with tech which results in keep buying and then 
abandoning tech 
Dominant Theme 4 
She was quick to buy an earlier version of AT, however abandoned 
it due to not being easy to use. In general, E buys a new tech as 
opposed to try to troubleshoot the owned tech. This downward 
spiral continue and get worsen with cognitive decline 
Discovery As cognitive decline decreases E's tech savviness, FC becomes key 
in E's ability to keep using tech 
GK Although it doesn't appear at the beginning, cognitive decline is 
weakening even savvy E's perception of tech simplicity & familiarity 































Elderly Woman #8 
Elderly Profile P8  
Interview Duration 57 min 
Age 90 
Health Condition Ok 
Living condition Retirement Community 
Attitude toward 
Tech  Negative, ~ I don't need tech 
Self-efficacy Low 
Experience No 
Driven by Need and Ease of Use 
Has grandchildren? Y 
Has & close to 
family Y 
Gatekeeper Daughter (68 min) 
Gatekeeper tech 
savviness Low 
Degree of influence Moderate 
Influence FC, gifting, Closeness to family, Connect to grandparents, 1-on-1 
walk through support, Suggesting & encouraging (fading) 
Perceived 
Usefulness of the 
wearable 
It don't know 
Perceived Ease of 
Use of the wearable 
It's OK 
Will she adopt if 
free? N 
Will she buy to 
adopt? N  
Note I have everything I need, I don't long for anything 
Dominant Theme 1 
In vivo "when one's get old, don't put new things in your elderly 
parents' lives, it not blessing it causes a lot of anxiety, because we 
don't adapt to new things" 
Dominant Theme 2 Trying new things are not fun as you get old.  
Dominant Theme 3 E complains that her cognitive ability has declined greatly past few 
years.  
Dominant Theme 4 People don't want to admit but as you get old working with 
technology gets really hard 
Discovery I don’t want new gadget, unless someone convince me that it's 
interesting and easy.  
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GK E is so frugal that takes her cellphone with her all the time, however 
she never turns it on to avoid finishing battery.  
Table H - 8 Elderly woman #8 profile 
 




























Elderly Woman #9 
Elderly Profile P9  
Interview Duration 48 min 
Age 68 
Health Condition Very active & healthy 
Living condition Retirement Community 
Isolated Y 
Attitude toward Tech  Negative 
Self-efficacy N 
Experience No   
Driven by Ease of Use 
Has grandchildren? N 
Has & close to family Y (has a brother but not close; E lost her wife and kind of isolated 
after that) 
Gatekeeper Friend (and not too close) GK herself is a 72 yrs old E  (45 min) 
Gatekeeper tech 
savviness not really 
Degree of influence Low 
Influence 
The GK friend doesn't influence a lot other than limited social 
learning, rare tech suggestion; however the innovative charter 
school collaborates in a win-win program that E read w the kids and 
kids help E with their technology "how to do" questions and 
walkthroughs. E finds them (=free community tech support) helpful 
Perceived Usefulness 
of the wearable 
Not sure, I don't need it yet 
Perceived Ease of 
Use of the wearable 
I don't like technology 
Will she adopt if 
free? N 
Will she buy to 
adopt? 
Not this one; Maybe one in future but it has to be much better than 
the one tried 
Note 
Already has an activity tracker, a super simple pedometer that 
clips/fits in a pocket; so long new AT is not as simple and more 
useful, she is not going to adopt a new AT 
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Dominant Theme 1 
As E age her need for technology that can alleviate the effects of 
aging increases however her perception of such needs decreases 
(due to many factors including lack of experience, low self-efficacy 
& exposure and knowledge about the tech usefulness) and her 
confidence about the ability to use tech diminishes. If this vicious 
cycle is not intervened by convenient one-on-one accommodations 
(encouragement, continuous walk-through support & instruction, 
and removing other barriers to adoption (gifting, etc.)) tech 
adoption becomes unlikely. Usually, these interventions are only 
done by E's gatekeeping family and effective when it's continuous 
and simplified.  
Dominant Theme 2 E has a negative attitude toward new tech while happily using 
familiar one to a limited scope that she is used to it 
Dominant Theme 3 
A lot of social factors are missing from the life of an isolated E that 
makes technology irrelevant which in turn decreases perceived 
need, PU 
Dominant Theme 4 
Technology is disrupting a lot of familiar things for E who has grown 
up with them, find joy in, familiar with and have a strong longing to, 
for this reasons E resist to change, hence casual relation: Aging 
reduces voluntariness to.  
Discovery 
- Wealth or education (pre 1970) doesn't create tech savviness; the 
E and GK here are both wealthy and educated but not savvy as their 
education are from before tech area. This case does not contradict 
the previous learning that experience increases the chance of 
adoption  
- As they say: "it takes a village". In most of the Elderly women cases 
here (particularly the ones without close gatekeeping family), 
gatekeeping role is not necessarily carried by one person, it's often 
a network of social connection that each potentially influence one 
or many or none of aspect(s) of the 8 category of influences 
discovered here. The accumulation of all these influences emerge as 
the most important state (vs. trait) factors in EWHTA.  





























Elderly Woman #10 
Elderly Profile P10  
Interview Duration 43 min 
Age 84 
Health Condition OK 
Iiving condition Retirement Community 
Isolated No 
Attitude toward Tech  Positive 
Self-efficacy Y 
Experience Little (librarian) (GK said no, but E said she had worked w computer 
for billing/reporting) 
Driven by Connecting to grandkids, personal trait ("Tenacious" as GK calls E) 
=> not shy about asking for help w tech use 
Has grandchildren? Y 
Has & close to family Y 
Gatekeeper Daughter (77 min) 
Gatekeeper tech 
savviness Y 
Degree of influence High 
Influence 
All (Social learning + Suggestion + gifting + Access to continues 1-on-
1 support + increasing effective support by creating the comfort for 
E that she waits and prefer her support over other supports+ 
wanting to connect+ Reduce burden+ Giving peace of mind) 
Perceived Usefulness 
of the wearable 
It seems useful 
Perceived Ease of 
Use of the wearable 
It's OK 
Will she adopt if 
free? N 
Will she buy to 
adopt? Maybe, yes. 
Note GK is very interested in the resulting model and would like to get a 
copy once available.  




Dominant Theme 2 
P10 In vivo: "It makes her seem, you know, up to date, and that is 
the appearance of it being up-to-date for the grandkids. So, in that 
case, it's not so much that it's cool but that it might impress them, 
and so again it's: her doing pretty much anything to maintain that 
connection" 
Dominant Theme 3 
P10 is a successful EWHTA story. She is tenacious retired librarian 
who moved to Portland to live close to her family. She has a family 
with kids (daughter) and grandkids who are tech savvy and close to 
her, that have become her gatekeeping network. They actively help 
and support her with TA and influence at all 8 levels of my emerged 
influences). More than anything, she is an optimistic grandmother 
who has left her past life and moved to a new city just so she can be 
close and connect with them. She sees tech as a way to be up-to-
date to impress and connect with the grandkids. She is also practical 
and frugal and not shy about asking for tech support from anyone, 
so uses her tech support network effectively to use tech (Family + 
Community tech support) 
GK 
P10 GK In vivo: "I think if she (E) didn't have a good network of 
support, I don't think she would... I think she would end up not 
using it" 
  
This is the case of an elderly with almost no prior tech experience 
whom with a strong GK network has been able to continuously 
adopt previous tech. It seems like the GK influences are the 
strongest  
Discovery 
Reduce burden (Elderly has a strong desire to connect to family, at 
the same time, she is very considerate and doesn't want to be a 
burden to the them and will use tech that provide that benefit) 






























Elderly Woman #11 
 
Elderly Profile P11 
Interview Duration 81 min 
Age 67 
Health Condition OK 
Living condition Living in her house w husband 
Isolated No 
Attitude toward Tech  Positive (In vivo: "We can't live without technology.") 
Self-efficacy Y 
Experience Y, Electrical Engineer with 30 years of experience  
Driven by Tech utility & health information & desire to stay young and 
healthy, - cost 
Has grandchildren? N 
Has & close to family Y 




Degree of influence Very low 
Influence Suggestion & showing tech (social learning) 
Perceived Usefulness 
of the wearable 
Yes, I like it 
Perceived Ease of 
Use of the wearable 
It should be easy to figure out 
Will she adopt if 
free? Y 
Will she buy to 
adopt? N 
Note 
E is very practical, driven by need. She has a lot of technical 
knowledge & experience, high self-efficacy, and tech savvy, 
however very frugal.  
Background Experience & Positive attitude toward tech 
Dominant Theme 2 E is very practical, driven by need. She has a lot of technical 
knowledge & experience, high self-efficacy, and very tech savvy.  
 
525 
Dominant Theme 3 
P11 is also another successful EWHTA story. She is tenacious retired 
electrical engineer immigrant with high self-efficacy and a lot of 
technical experience. While p10's success was rooted in her family 
and strong gatekeeping network, p11's is her drive to stay young 
and healthy. This motivates her to learn the tech even though she is 
not exposed to many technologies. She reaches out to every one-
on-one free resource she can to learn & use technology. Even 
though, she doesn't have a savvy gatekeeper, her positive personal 
trait are strong driver of adoption.  
Dominant Theme 4 Young E cares about tech aesthetic and doesn't use a tech that 
makes her look old. 
Discovery For E's with no strong gatekeeping network, good self-efficacy and 
positive attitude toward tech is key to paving TA path 






























Elderly Woman #12 
Elderly Profile P12  
Interview Duration 82 min 
Age 65 
Health Condition OK, but impaired hearing 
Living condition Living in her house w husband, frequently travel to visit kids and 
grandkids 
Isolated No 
Attitude toward Tech  Positive 
Self-efficacy N 
Experience No 
Driven by Health promotion, connecting to grandchildren 
Has grandchildren? Y 
Has & close to family Y 
Gatekeeper Daughter (36 yrs old, Interview duration: 56.5 min) 
Gatekeeper tech 
savviness Y 
Degree of influence High 
Influence All (Social learning + Suggestion + gifting + effective support+ 
wanting to connect+ Reduce burden + Giving Peace of mind) 
Perceived Usefulness 
of the wearable 
It seems very useful 
Perceived Ease of 
Use of the wearable 
I'm not sure, but my daughter can help me learn to use it 
Will she adopt if 
free? Y 
Will she buy to 
adopt? N 
Note E has a network of tech savvi people around that help her with tech 
use.  
Dominant Theme 1 Young E cares about tech aesthetic and doesn't use a tech that 
makes her look old. 
Dominant Theme 2 E is very practical, driven by need. But only adopt if it's easy to use 
Dominant Theme 3 
P12 is also another successful EWHTA story. Although she has no 
previous tech experience and has low self-efficacy, she is 
surrounded by tech savvy family who are close and influence her 
adoption at all levels. E's success is again rooted in her family and 
strong gatekeeping network 




Strong family gatekeeping network support, more than makes up 
for lack of experience (low self-efficacy), nonetheless, P EOU remain 
to be the most important factor in EWHTA.  
GK 
P12GK In vivo: "It's about east of use, 100%, if she knows it 
becomes easy for her to use, she is not gone resist it at all" 





























Elderly Woman #13 
Elderly Profile P13 
Interview Duration 42 min 
Age 71 
Health Condition OK 
Living condition Living in her house w husband, Daughter lives in the same city 
Isolated No 




Driven by Health promotion and information, staying young 
Has grandchildren? Y 
Has & close to family 
Y 
Gatekeeper 
Daughter (43 yrs old, Interview duration: 63) 
Gatekeeper tech 
savviness 
Y (More of a network of gatekeeping family with the daughter being 
at the center and first point of contact) 
Degree of influence 
High 
Influence 
All (Social learning + Suggestion + gifting + effective support+ 
Available 1-on-1 + wanting to connect+ Reduce burden + Giving 
Peace of mind) 
Perceived Usefulness 
of the wearable 
It's very useful 
Perceived Ease of 
Use of the wearable 
It's not easy 
Will she adopt if 
free? Y 
Will she buy to 
adopt? Y 
Note 
E has a strong desire to learn and stay young and think of 
technology as enabling that desire. She has her own blog and very 
active online. She ask questions from everyone in the family and the 
social circle and loves to stay connected. E has a network of tech 
savvy people around that help her with tech use.  
Dominant Theme 1 E's desire for life and staying young derives her enthusiasm for 
learning in general and learning technology in particular 
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Dominant Theme 2 E is very practical, driven by need. But only adopt if it's easy to use 
and doesn't make her look old 
Dominant Theme 3 
P13 is also another successful EWHTA story. She is tenacious retired 
school teacher who loves to stay young and enjoy life. She focuses a 
lot on her health and staying active and generally very enthusiastic 
about technology. She likes to use beautiful colorful technology. 
This success is made possible by her tech savvy family who are 
strong gatekeeping network and provide all 7 category of emerged 
influences.  
Dominant Theme 4 Young E cares about tech aesthetic and doesn't use a tech that 
makes her look old 
Discovery 
The most important category of gatekeeping influence is the 
availability, simplicity and continuous one-on-one support & 
training 
GK 
Daughter (even if she is not as savvy as the son) and Living close is 
chosen as the primary GK over having son who is very tech savvy 
but live far 






























Elderly Woman #14 
Elderly Profile P14   
Interview Duration 57 min 
Age 78 
Health Condition Great, hiker, swimmer.  
Living condition Living in a retirement community 
Isolated N 
Attitude toward Tech  Negative, yet wearing 3 ATs (2 owned, 1 trial) 
Self-efficacy Y 
Experience Y (master degree, librarian, worked with technology from 60's) 
Driven by Health promotion and information 
Has grandchildren? Y 
Has & close to family Y, Not close & Low tech influence (in East Coast) 
Gatekeeper Friend (58 yrs old female college professor) (81 min) 
Gatekeeper tech 
savviness 
Moderate (Network of highly educated athletic elderly women with 
the latest techs)  
Degree of influence Moderate 
Influence 
The social circle influence by Social learning + some effective 
support; and distance family by mainly Gifting and Wanting to 
connect + some Suggestion + when E visit by effective walk-through 
support and + Social learning) 
Perceived Usefulness 
of the wearable 
It is not useful 
Perceived Ease of 
Use of the wearable 
It's not too hard to figure it out 
Will she adopt if 
free? N 
Will she buy to 
adopt? N 
Note P14 In vivo: "It helps to have a grandchildren you see, grandma let 
me show you this app" 
Dominant Theme 1 Main influencers, Grandkids and social circle.  
Dominant Theme 2 High self-efficacy (increased by tech experience) and need for 
independency (lives alone) who increases Perceived tech usefulness 
can compensate for lack of full gatekeeper's involvement.  
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Dominant Theme 3 
P14 is yet another successful EWHTA story. In other cases, most of 
successful EWHTAs were due to having close family around who 
played strong gatekeeping effects. P14 success is due to her: 1) 
Strong self-efficacy rooted in her tech experience, 2) strong techy 
social circle who model, help and inspire her to use tech, and 3) her 
strong personal characteristic of being athletic and wanting to be 
healthy which compensate for not having strong gatekeeping 
presence and drive her reaching out to using secondary support. 
Dominant Theme 4 
It's fascinating that P14 is keep talking negative about tech 
(skeptical about its performance), yet she is the most equipped w 
tech E I've interviewed. Re-listening to the interview, high self-
efficacy increases Adoption Intention and getting support as she ask 
everyone for tech support (as she said experience has caused her to 
have no fear of tech -> high self-efficacy)  
Discovery 
The most important gatekeeping influence is the availability, 
simplicity and continuous one-on-one support & training. When 
family is not close by, if E has a techy social circle, they take an 
active GK role in E's HTA by social learning and more importantly 
provide that continuous jargon free support she immensely need.  
























Figure H - 84 EW #14 integrated & standardized cognitive map  
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Elderly Woman #15 
Elderly Profile P15  
Interview Duration 54 min 
Age 94 
Health Condition OK 
Living condition Living in a retirement community 
Isolated Y 
Attitude toward Tech  Positive 
Self-efficacy Y 
Experience Y (Banker, worked w computer since 80's) 
Driven by Health promotion and information 
Has grandchildren? N 
Has & close to family ~ (has some distant family) 
Gatekeeper Neighbor friend in the retirement community (78 yrs old female ; 
interview duration 51.5 min) 
Gatekeeper tech 
savviness Low 
Degree of influence Very low 
Influence Connecting to family & SC, Social learning 
Perceived Usefulness 
of the wearable 
It seems useful 
Perceived Ease of 
Use of the wearable 
It's OK 
Will she adopt if 
free? Y 
Will she buy to 
adopt? N 
Note P15 states since there are no family around she relies on the friends 
circle for emergency 





P15 has a strong motivation to serve and help others. The fact that 
at the age of 94 and for the past 16 years, she has been 
volunteering in the airport to help people get around, shows how 
much she likes to help others. This is one of the drivers for her TA, 
beside need to stay independent and be an active member of the 
society. Having prior experience has given her the high self-efficacy 
she needs to both figuring out how to use tech (making FC 
effective) as well as intending to adopt (increasing Adoption 
Intention) 
Dominant Theme 1 In the absence of family, the social E makes a family out of the 
retirement community 
Dominant Theme 2 E's family live far and they are not tech savvy at all (no computer, 
etc.) 
Dominant Theme 3 E TA is heavily influenced by her participation in OHSU research and 
have learned a lot from it 
Dominant Theme 4 
P15 is another relatively successful HTA story. Although E is socially 
isolate and really old, thanks to her prior experience w tech 
combined with her strong need for independency and social 
learning she has become moderately tech savvy for her age. For the 
past 16 years she volunteers to Pdx airport and continue to use 
technology. She enjoys a high level of self-efficacy as a result.  
Discovery 
High self-efficacy (increased by tech experience) and need for 
independency (lives alone) who increases Perceived tech usefulness 
can moderately compensate for lack of some of key gatekeeper's 
influences (1-on-1 FC, and gifting).  
GK Now that GK talks about E's being frugal, it becomes clear why E 
tries hard to use instruction and not having professional help.  
























Figure H - 90 EW #15 integrated & standardized cognitive map  
